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more man-hours saved 
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for enhanced clinical response 
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a preferred corticoid 


(prednisolone) and well tolerated 
tranquilizer ATARAX®(hydroxyzine) 


EXCELLENT IN ALLERGIC /INFLAMMATORY DERMATOSES 


for freedom from fear 
for low corticoid dosage 


SUPPLIED: 
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Radiation Protection 


MORRIS KLEINFELD, M.D., New York 


On Dec. 15, 1955, Industrial Code Rule 
No. 38, Radiation Protection, became effec- 
tive in New York State. The purpose of the 
code was to supply industry with a flexible 
guide to enhance the development of a safe 
atomic industry. For a little more than a 
year the Division of Industrial Hygiene has 
administered the code. The purpose of this 
report is to review our experience to date 
and to present an evaluation of the code’s 
effectiveness. 


Precode Experience 


Since the discovery of ionizing radiations 
in 1895 medical scientists have been studying 
the injurious effects of nuclear energy. How- 
ever, it was not until the studies of the 
radium dial painters in 1929 and _ the 
experiences with the European uranium 
miners that radiation was recognized as an 
industrial hazard. 

The experiences of the Division of In- 
dustrial Hygiene began in 1929 in the 
radium dial industry with studies of the 
employees and their environmental ex- 
posures. In the ensuing years, as industry 
increased its use of ionizing radiations, the 
Division gained further experience in var- 
ious practical problems, such as disposing 
of radioactive wastes; the use of x-ray 
machines and radioactive materials in in- 
dustrial inspection; small sealed sources in 


~ Accepted for publication Sept. 10, 1957. 
Director, Division of Industrial Hygiene. 
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measuring gauges and static eliminators; 
mass dental x-ray surveys and shoe-fitting 
fluoroscopes; x-rays and fluoroscopes in use 
by veterinarians, and radon in the breathing 
atmosphere of miners. 

It was found that the customary tech- 
niques of industrial hygiene engineering 
were applicable and effective in controlling 
the hazards of ionizing radiations, and ten- 
tative standards of safety were established. 
Whenever hazards were observed, proper 
control techniques were recommended, and 
follow-up studies were made to ascertain if 
compliance was achieved. The authority for 
controlling radiation hazards was derived 
from the general provisions of the Labor 
Law of New York State, and until recent 
years this coverage was adequate. 


Need for a Code 


However, as industry further expanded 
its uses of ionizing radiations, it became 
apparent that a code would be needed to . 
provide better control for the following 
reasons : 

1. With the increasing use of ionizing 
radiations, the identification of users, essen- 
tial to effective control, was becoming more 
difficult. 

2. There was a need for an administrative 
mechanism for control of the hazards. 

3. There was a need to clarify jurisdic- 
tional responsibilities for maintaining con- 
trol. 
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4. There was a need to define manage- 
ment’s responsibilities in radiological 
protection. 

5. There was a need to define standards 
and techniques of safe performance. 


Formulation of the Code 

Accordingly, in January, 1953, the In- 
dustrial Commissioner convened an Ad- 
visory Committee on Radiation Protection 
to draft an appropriate code. The members 
were selected to provide a broad representa- 
tion of skills and interests. From the past 
experiences of the Division of Industrial 
Hygiene and from the numerous consulta- 
tions of the Advisory Committee, these basic 
principles were proposed as essential to an 
effective code: 

1. The Code Must Be Flexible-—The 
great variety of radiation hazards makes a 
code of specific requirements for each type 
impractical. Since protection may be 
achieved in many ways, any means which 
provides adequate protection is acceptable. 
The code can thus be described as a per- 
formance rather than a specification type. 

2. Minimal Radiation Exposure Is the 
Desired Goal.—Since all ionizing radiation 
is potentially harmful, the maximum per- 
missible limits must be considered an ab- 
solute ceiling rather than a desired goal. 

3. Radiation Damage Is Preventable.— 
The availability and accuracy of present 
instruments make the measurement and de- 
tection of the presence of ionizing radia- 
tions easy and reliable. Few industrial 
hazards are more readily controllable than 
radiation by the application of three cardinal 
principles; time, distance, and shielding. 

4. Jurisdiction Must Be Clearly De fined.— 
Since the use of ionizing radiations will be 
widespread, “gray areas” of overlapping 
jurisdictions are bound to arise. Therefore, 
to assure complete protection without dupli- 
cation of effort by governmental agencies 
and confusion to the owner, clearly defined 
administrative jurisdiction must be ex- 
pressed. 
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5. Supervision of Control Should Be 
Delegated to Existing Agencies.—lonizing 
radiation is but one of the physical hazards 
present in industry. The techniques available 
for the control of other hazards are readily 
applicable to the control of ionizing radia- 
tion. The Division had had active experience 
in the field of radiation protection and sup- 
plementary training of personnel in special- 
ized phases of radiation protection had been 
instituted prior to the code. The creation 
of a separate agency for controlling ionizing 
radiation in industry would simply duplicate 
and conflict with present Division responsi- 
bilities. 

Acting upon these principles, the Advisory 
Committee met frequently, held open hear- 
ings, conferred with other departmental 
agencies, and prepared many drafts of a 
proposed code. Potential jurisdictional con- 
flicts with the Health Department were 
avoided through frequent interdepartmental 
meetings where mutual agreements as to 
respective areas of responsibility were 
reached. Finally, the code was accepted and 
promulgated, effective Dec. 15, 1955. 


Implementation of the Code 


The Industrial Commissioner delegated 
the responsibility for enforcing the new code 
to the Division of Industrial Hygiene be- 
cause of its past experience in radiological 
health and the high level of technical com- 
petence required to administer a perform- 
ance code. This was a departure from 
traditional practice, for most other Labor 
Department codes, which are of the specifi- 
cation type, are administered by the Division 
of Industrial Safety Service. 

In its administration of specification 
codes, the Division of Industrial Safety 
Service immediately issues administrative 
orders when violations are noted. If after 
a reasonable period compliance is not 
achieved, the Department takes legal action. 

It was believed, however, that a_per- 
formance type of radiation protection code 
could be more effectively enforced, initially 
at least, through education and persuasion, 
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rather than compulsion. There were several 
reasons for this attitude. Radiation hazards 
and their. control were relatively new and 
not well understood in industry, and im- 
mediate insistence upon compliance would 
stifle a growing young industry. Moreover, 
neither industry nor the Department had 
any previous experience with a performance 
code and needed an opportunity to under- 
stand its problems. Since the major hazard 
was one of chronic exposure, a relatively 
brief period of adjustment was considered 
both safe and practical. 

Accordingly, the following procedure was 
adopted. After promulgation of the code, a 
three-month period of grace was granted 
industry to become familiar with the code. 
Registration and compliance were required 
by March 15, 1956. The code was widely 
publicized through such media as news- 
papers and the Industrial Bulletin. Copies of 
the code and registration forms were sent 
to all known users and to firms where 
ionizing radiation might be used, so that 
registration would be as complete as possi- 
ble. Field personnel of the Divisions of 
Industrial Hygiene and Industrial Safety 
Service were instructed to report any un- 
registered sources of ionizing radiations. 

To interpret the code and to demonstrate 
the technique of radiation protection to in- 
dustry, the Division, in conjunction with 
Canisius College in Buffalo, sponsored a 
radiological safety conference in January, 
1956. Representatives from industry, labor, 
official agencies, and other interested groups 
attended. The conference served as an ex- 
cellent means of reviewing problems in 
radiation protection and understanding the 
code as a control mechanism. As a result 
there was a reduction of apprehension in 
industry and a concomitant increase in un- 
derstanding and cooperation. 

A second seminar was recently held, and 
there was an equally excellent representation 
and response. This meeting was supple- 
mented by the distribution of a manual en- 
titled “The Control of Radiation Hazards in 
Industry,” which was prepared by the De- 
partment. 
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The major enforcement efforts, however, 
were made through personal contacts in field 
visits. At the outset it was obvious that 
limitations of staff would not permit early 
visits to all registered users, and that some 
degree of selectivity was required to gain a 
comprehensive picture. Accordingly, visits 
were made to representative samples of 
every important industrial use, to a larger 
proportion of the more hazardous sources, 
and to all new or unusual industrial ap- 
plications. Field personnel evaluated the de- 
gree of hazard and the extent of compliance 
with the provisions of the code. Where 
inadequacies were observed, demonstrations 
in corrective procedures, such as surveying, 
monitoring, shielding, and record-keeping, 
were provided, and specific recommendations 
for compliance were made. These were 
shortly followed by a confirming letter. Al- 
though the greatest emphasis was placed on 
maintaining levels of exposure within per- 
missible limits, other control measures were 
not neglected. 

Return visits were made to those plants 
where initial failure to comply was observed, 
and where it was needed every additional 
assistance was given. Administrative orders 
were issued only when it became obvious 
that a firm was unwilling or unable to pro- 
tect the health of workers, as provided in 
the code. 


Registration and Field Data 


The data presented below are derived 
from two sources: (1) the completed regis- 
tration forms submitted to the Division, 
and (2) the data obtained from field in- 
spections. 

I. Registration—As of July 1, 1957, 
registration by 262 owners for 320 separate 
installations had been received. These totaled 
3130 pieces of radiation-producing equip- 
ment in addition to 40,150 curies of 
radioactive material. Radioactive material 
classified by national security restriction is 
not included. Approximately 3500 workers 
are exposed to some ionizing radiation in 
these installations, although most of the 
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TABLE 1.—Number of Registered Sources, by 
Type and Strength 


No.of Quantity, 
Sources Curies 
Radiation-Producing Equipment 
Industrial x-rays 356 
Radioactive static eliminators 1607 
Diagnostic x-rays 131 
Radioactive gauges 220 
High-voltage thermionic 785 
Particle accelerator 15 
Neutron sources 9 
Nuclear reactor 7 
Radioactive Materials 
Small sealed sources 13,718 
Large sealed sources 34,100.930 * 
Unsealed isotopes 6,059.181 
Radium and daughter products 3.169 
Unsealed uranium and thorium 5.760 
Irradiated activated materials 0.570 
Fission products and other waste 59.051 
Fissionable material 
Totals 3,130 40,242.379 


* Includes one single source of 25,000. 
+ Quantity classified for National Security. 


exposures are minimal. This is 1% of the 
total of 350,000 persons employed in these 
plants. In terms of number of persons ex- 
posed and number of installations, the radi- 
ation hazard is relatively small compared to 
other industrial hygiene problems. However, 
in terms of strength and number of sources, 
the hazard is of sufficient magnitude to 
justify the increasing effort devoted to its 
control, 

The relative importance of each kind of 
source used in industry is shown in Table 1. 
The rapid growth in the use of radiation 
can be appreciated by recalling that a decade 
ago radium and its daughter products were 
virtually the sole radioactive sources used 
in industry. It is noteworthy that the largest 
number of registrations are for sources of 
low magnitude in terms of dose rate and 
ease of shielding, such as radioactive static 
eliminators and radioactive gauges. On the 
other hand, particle accelerators and nuclear 
reactors, although presently much fewer, of- 
fer hazards of large magnitude because of 
the high radiation dose rates produced by 
these devices and the attendant difficulties in 
shielding and monitoring. Industrial and 
diagnostic x-rays are currently the Division’s 
major concern. This is due to the many 
sources and the fact that the Division has 
sole responsibility for inspecting these units. 
In contrast, the large sealed sources are 
also under the jurisdiction of the Atomic 
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Energy Commission and do not present so 
great a problem to the Division. Although 
for reasons of national security the table 
does not disclose the exact amount of fission- 
able material in New York State (such as 
uranium 235, plutonium 239), the amounts 
and the hazard involved are believed to be 
appreciable. It is most probable that these 
materials will, in the future, present a more 
important problem of control. The relatively 
large amount of fission products and other 
radioactive wastes reported portends the in- 
creasing significance of the problem of waste 
disposal in New York State. 

Table 2 shows the variety of industries 
which have found use for radiation-produc- 
ing equipment and radioactive materials. 
There is also great variety in the types of 
source used. Large sealed sources and x-rays 
used for industrial radiography are concen- 
trated in such industries as metal fabrica- 
tion and machinery manufacture. Radioactive 
static eliminators and 8-ray gauges are used 
in the textile, paper, printing, and publish- 
ing industries. X-ray diffraction units and 
unsealed isotopes are found mainly in re- 
search laboratories. Diagnostic x-ray units 
are standard equipment in large industrial 
plants. Knowledge of the distribution is use- 
ful for administrative control, since it in- 
dicates those areas where certain sources 


TABLE 2.—Distribution of Registered Uses in 
Various Industries 


No. of 
Industrial 
Uses 
Manufacturing 
32 
50 
Machinery, 7 
Machinery, electrical........................- 69 
Transportation 39 
Food and kindred products_...............-...--- 4 
Paper and allied products_-......-..............-- 21 
Printing and publishing_.......................-.- 34 
Chemical and allied products..................--- 93 
Petroleum and coal products... 11 
Leather products...__. 2 
Miscellaneous 15 
23 
Wholesale and retail trade.............-..--..-.-- 5 
Not otherwise classified __..... 3 
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are most likely to be concentrated. This 
helps the economy of effort in enforcement. 


Il. Field Inspection—Of 320 registered 
| installations, 129 have been visited since the 
Ce} “4 effective date of the code. An additional 30 
of the registered installations had been 
visited during the year prior to promulgation 
#35 Pager TN of the code, so recent data are available on 
E ‘ Pe 159, or approximately 50%, of the registered 
2 installations. These data represent conditions 
slgg5 Ke at the time of the initial visit to ascertain 
a\” 2 compliance and are presented in Table 3 
according to the type of source in use. 
Column 4 shows that a_ representative 
F 3 ‘ . sample of all types of radiation sources 
S|| 2 were inspected. Since several types of 
3 source may be used in any one installation, 
|| 4 : . the totals of Columns 3 and 4 are greater 
than the actual number of registered and 
3 inspected installations. 
2 28408 z The number of workers exposed to dif- 
Bg | ferent types of ionizing radiation in the 
inspected installations is given in Column 
~ i 28 en : The estimated total of 3500 in all registered 
| installations was extrapolated from these 
3 O8 E numbers. No data are available to the 
Division as to the number of persons ex- 
| posed to radiation from nuclear reactors and 
fissionable material, but it is doubtful that it 
| Zahy 2 3 exceeds more than 1% or 2% of the 
ERS Bee The number of installations which com- 
Bade 333 plied with the present maximum permissible 
| dose rates given in Code 38 at the ti f 
Bugs | g e 38 at the time o 
pehy 238 the initial visit is shown in Column 6. In 
only nine plants (6%) were these levels 
actually exceeded. In all cases the Division 
i ges staff instructed these firms in appropriate 
on 235 measures for reducing exposure, and also 
made return visits to ascertain the progress 
g toward compliance. 
Subsequent visits to these nine firms dis- 
3 closed that one had moved out of the State 
for economic reasons, two have complied 
fully, and five have substantially reduced 
PEEEELELEEE 7=5 the dose rate but are still slightly above 


present code requirements, Administrative 
action has been taken to assure compliance 
with the code, and assistance is being given 


91 


x 
aren 
Kleinfeld 


by the Division. Only one firm is still ap- 
preciably above the maximum permissible 
dose level. The Industrial Commissioner has 
initiated prosecution in this plant.* 

Column 7 shows the number which com- 
ply with the dose limits recently proposed 
by the National Committee on Radiation 
Protection (1956).+ It is notable that only 
two plants employing radium could comply 
at present. Likewise, a large number of 
plants employing radioactive static elimina- 
tors, medical x-ray units, and large sealed 
sources would have difficulty under present 
operating conditions in complying with these 
newer proposed standards. 

The other factors which are included in 
the evaluation of a plant radiation protection 
program are set forth in the remaining 
columns. They show the number of plants 
which had achieved a satisfactory degree of 
compliance at the time of the initial visit. 
While over 95% of the plants had designated 
a radiation safety officer, less than 50% 
had any record of an adequate survey. It is 
noted that the greater proportion of firms 
having higher hazard sources had done sur- 
veys. About 75% of the plants had made 
some effort to instruct their workers in 
radiation protection, but only about 33% 
had adequate warning devices. Among firms 
where detailed records or monitoring were 
required about one-half complied. 

Return visits to 71 plants where these 
inadequacies were observed revealed that 57 
had subsequently complied; 7 had partially 
complied, and only 7 had not as yet followed 
the recommendations. Further visits are 
being made to assure compliance. 


There was one accident in a firm which 
failed to evaluate and control a hazard 
properly. An auxiliary power source was 


* A hearing was conducted Dec. 17, 1957, and 
the firm pleaded guilty to the two charges of (1) 
failure to conduct an adequate survey (38-7.1) and 
(2) permitting exposure of employees beyond the 
maximum permissible limits (38-6.1). 

+ Maximum Permissible Radiation Exposures to 
Man, A Preliminary Report of the National Com- 
mittee on Radiation Protection and Measurement, 
Jan. 8, 1957. 
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temporarily connected to an x-ray machine 
that had been converted for use as an 
electron-beam generator. The auxiliary 
source, however, was not on an interlock 
safety mechanism. As a result, two scientists 
setting up an experiment were inadvertently 
exposed to a stream of electrons. Both 
sustained burns of the hands, and one also 
had burns of the face. The hazard has been 
corrected. 


Evaluation of the Code 


The ultimate index of the effectiveness 
of the code is the degree to which it protects 
the worker from radiation injury. Since low- 
grade chronic exposure is the main problem 
in industry, it is premature, in view of 
such brief experience, to evaluate the code 
on this basis. Long-term studies will be re- 
quired before this can properly be done. 

However, the code was designed to fulfill 
certain needs, and it is appropriate, there- 
fore, to see if this has been the case. 

1. Clarification of Jurisdictions —The 
code prompted the Departments of Labor 
and Health to examine the over-all problem 
of radiation, and a clear definition of areas 
of responsibility resulted. Confusion in in- 
dustry has been significantly avoided; better 
administrative coverage has been provided, 
and industry, labor, and government have a 
cooperative working relationship. 

2. Identification of Sources—The code 
requires registration of all devices producing 
significant amounts of ionizing radiations, 
for this is essential to the effective super- 
vision of controls. Industry’s compliance 
with this requirement has given the Division 
a comprehensive picture of the location, 
type, and magnitude of the radiation sources 
presently in use. We do not know how many 
radiation users remain unregistered. How- 
ever, the Division has long been familiar 
with the radium industry, and all users are 
registered. Also, the Atomic Energy Com- 
mission routinely notifies us of all users of 
artificial radioisotopes, and these have regis- 
tered. 
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Two field surveys were made to locate 
any unregistered sources in 81 firms where 
it was expected that radiations might be 
used. Seventeen firms were found to have 
unregistered sources. Except for one diag- 
nostic medical x-ray unit, these were low- 
level hazards. The usual explanations given 
were that the owner was ignorant of the 
existence of the code, or he failed to appre- 
ciate that these sources may be hazardous. 

3. Definitions of Standards——The code 
clearly defined radiation exposure limits to 
guide industry in developing its control 
systems. The standards were derived from 
the best available information, and were 
considered safe, practical, and capable of 
revision as further experience dictates. 
These standards have been defined as ab- 
solute ceilings, and industry is urged to 
maintain exposures at the lowest practicable 
levels. 

The field data show industry’s excellent 
response in this critical area and indicate 
its readiness to develop the use of radiation 
safely. 

4. Compliance with Control Procedures.— 
The code enumerates the control procedures 
required of management. There were many 
instances of failure to comply fully with 
specific control procedures such as surveys, 
monitoring, and record-keeping. There were 
several reasons for failure. Some users did 
not appreciate the importance of these 
procedures. Others did not understand what 
constitutes adequate compliance. For exam- 
ple, some did not know what comprises an 
adequate survey or record system. 

Return visits to firms not complying 
initially disclosed that, when the proper 
procedures were explained and demon- 
strated, industry in general readily adopted 
them in their safety programs. 

The code has proved to be an extremely 
useful educational tool. It has impressed 
upon industry the dangers inherent in the 
use of ionizing radiation and has encouraged 
equipment manufacturers to design their 
devices to minimize them. There has been 
an increase in the number of plans manage- 
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ment has submitted prior to installation, so 
that valuable consultation can be given them 
in designing their installations safely. It has 
impressed management with the need to use 
established methods of control, such as 
shielding, surveys, monitoring, keeping ade- 
quate records, and training their operating 
personnel. The follow-up data bear this out. 
Our experiences indicate that education 
must be a continuing and expanding func- 
tion to meet industry’s growing needs. They 
have also indicated the public’s need for 
greater understanding of radiation. This was 
illustrated recently when a plant had an 
explosion of pyrophoric material of low 
radioactivity, which resulted in the death 
of one employee and serious injuries to 
several others. Although investigation by the 
Division produced no evidence that any 
employee sustained a radiation injury, this 
incident caused great and unreasonable 
public concern with regard to radiation. 


Problem Areas 


Our experience with the code has in- 
dicated several problems that need review: 

1. Labeling of Low-Hazard Sources.— 
The code requires the labeling of all sources, 
even those exempted from registration. 
However, the labeling of these relatively 
nonhazardous sources presents practical 
problems. For example, a manufacturer of 
vacuum tubes found that the inks in the 
warning label interfered with the function 
of the tube. Yet large aggregates of such 
individually negligible sources may present a 
real hazard. Possibly these sources should 
be exempted from labeling, provided the 
other precautions are observed, where they 
are handled in quantity. 

2. Criteria of an Adequate Survey.—The 
code definition of a survey is general and 
does not detail what constitutes an adequate 
survey. Because of the variations in survey 
requirements for the different types of 
sources, it is not practicable to state all 
details. However, some basic requirements 
for adequacy could be included for all sur- 
veys. 
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3. Maintenance of Adequate Records.— 
The code requires that records of surveys 
and personnel monitoring be kept, but does 
not define adequacy or provide standard 
guides for record systems. This lack of 
standardization has made it difficult to ap- 
praise long-term controls. There is also need 
for a lifetime personnel exposure record 
for all operating personnel in the radiation 
industry, in the light of recent knowledge 
of the genetic effects. 

4. Qualifications of Supervisory Person- 
nel—The code requires that a radiation 
safety officer or supervisor be responsible 
for safe operations. However, the criteria 
for competence need to be defined. Even- 
tually some licensing procedure may be re- 
quired, but it is premature to establish one 
at this time. The dearth of well-trained 
people in this field adds to the problem. Fur- 
thermore, some owners, especially of low- 
hazard sources, have objected to the expense 
of employing such expert personnel. 

5. Standardization of Instruments.—The 
code is based upon the principle of main- 
taining certain exposure limits. It does not 
define the standardization requirements of 
the instruments used to measure exposure. 
There is need for a facility to standardize 
survey instruments and monitoring devices. 

6. Uniformity of State Codes——Only a 
few states have radiation protection codes. 
This creates difficulties because out-of-state 
manufacturers who sell radiation sources 
in New York State are not controlled by 
standards comparable to ours. This has been 
a problem with labeling small, sealed 
sources, for example, where the purchaser 
has obtained an unlabeled hazard and 
doesn’t know it. 


Future Plans 


Plans for the Division’s continued activi- 
ties are based largely upon this experience 
with the code and upon the most recent 
developments in the field of radiation pro- 
tection. It is already apparent that the 
Radiological Health Unit must be expanded 
to include additional highly skilled personnel 
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to administer the performance code. This is 
currently under way. In addition, the Ad- 
visory Committee on Radiation Protection 
should be consulted periodically for a re- 
view of problems that arise. 

The first such meeting since the code was 
promulgated was held on June 26, 1957, 
when several current problems were dis- 
cussed. Although no conclusive recommen- 
dations were made, there was _ general 
agreement in regard to these points: 

1. The recommendations of the National 
Committee on Radiation Protection regard- 
ing dose limits should be incorporated into 
the code. 

2. Exact criteria of an adequate survey 
should not be detailed in this performance 
code, but should be left to the discretion of 
a qualified radiation safety officer. This re- 
tains the desired flexibility in the code. 

3. The exact qualifications of radiation 
safety officers and supervisors should not 
be defined in the code. However, some 
mechanism, such as an official state list of 
qualified persons should be adopted. Such 
a list of competent radiation safety officers 
could be supplied to the state by the Health 
Physics Society, the American Board of 
Radiology, and other recognized organiza- 
tions. 

4. Individual labeling of certain low- 
hazard sources should not be required. A 
list of those quantities which may safely be 
exempted will be suggested for incorpora- 
tion into the code. 

5. The standardization of survey and 
monitoring devices should be left to the 
discretion of radiation safety officers and 
not detailed in the code. 

The Committee members agreed, further, 
to examine these and related problems at 
greater length and to reconvene in Septem- 
ber, 1957, to propose specific recommenda- 
tions to strengthen the effectiveness of the 
code in maintaining a safe atomic industry. 


Summary 


In general, the code has proved an ef- 
fective mechanism for control. It has clearly 


Vol. 17, Feb., 1958 


5 

a 


NEW YORK RADIATION PROTECTION CODE 


established standards of performance with 
which industry has for the most part com- 
plied, particularly with respect to dose limits. 
Since it is a performance code deliberately 
designed to permit industry some degree of 
flexibility in developing this promising in- 


dustry, it was inevitable that certain aspects 
of the code would appear to be ambiguous 
and would require clarification. It is credit- 
able, therefore, that when proper control in 


terms of the code was demonstrated to 


Kleinfeld 


industry, the latter in general was willing 
and able to provide the appropriate protec- 
tion. This response has amply demonstrated 
the soundness of education as an important 
part of the Division’s program. Our ex- 
perience has also confirmed that the basic 
principles which were incorporated are valid 
and essential to an effective code. 

Drs. M. M. Udel and C. P. Giel and Mr. Ben 
Feiner, of the Division of Industrial Hygiene, 
assisted in the preparation of this paper. 
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In a survey made by the Saranac Labora- 
tory in 17 United States cement plants on 
2278 cement workers and published by 
Gardner et al., in 1939, the conclusion was 
that finished Portland cement causes no 
significant findings on chest roentgenograms 
even after heavy and prolonged exposures. 
This was attributed to the fact that finished 
cement contains practically no free silica. 
Another conclusion in the Gardner study 
was that workers exposed to shale, clay, and 
limestone dusts on the raw side of the kiln 
may after many years of exposure show 
linear exaggeration (accentuation of the 
vascular markings) on their chest roentgeno- 
grams. It was suggested that this might 
in a few instances be due to minimal reten- 
tion of these dusts in the lungs, but that 
most linear exaggeration was due to non- 
specific factors other than dust inhalation. 
In the few cases where nodulation was 
found, there was a history of quartz dust 
exposure prior to their employment in the 
cement industry. Tuberculosis was found 
to be less prevalent in the Portland cement 
workers than in the general population. The 
general conclusion in this survey was that 
the problem of dust causing lung fibrosis 
and impairment in the cement plants was 
negligible. 

In the course of a study with rats to 
determine if finished Portland cement 
altered their susceptibility to lobar pneu- 
monia, Baetjer? reported in 1947 that the 
inhaled cement dust did not lead to any 
recognizable acute or chronic changes in the 
lungs of the rats. That the cement dust had 
reached the alveoli was proved by the find- 
ing of cement particles in macrophages (or 
dust cells) in the alveoli. Because the 
animals were not x-rayed, we have no in- 
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formation whether or not collections of 
cement in their lungs might have been 
visualized on x-ray films. 


In a more recent study in 11 cement plants 
in Argentina in 1950, Vaccarezza* found 
no cases of lung fibrosis resembling silicosis 
among the 2557 workers who were x-rayed. 
In 57 workers (2.2%), however, there was 
exaggeration of the linear markings. It was 
not clear what their principal dust exposure 
had been—raw dust, finished cement, or 


‘both. 


An unpublished study by Bloomfield * in 
Lima, Peru, in 1950, covered 688 workers 
in one cement plant. Although dust in the 
prekiln crusher areas averaged around 
30,000,000 particles per cubic foot and ap- 
proximately 5% free silica, no cases of 
silicosis were found even after exposures 
of more than 15 years in some cases. Five 
cases were called “more fibrosis than usual” 
(increased linear exaggeration). Eight 
cases showed inactive tuberculous scars, but 
none had activity. 

In none of these reports nor in any others 
that we could find in the literature was 
there a restudy of cement workers who had 
been examined at an earlier date. It ap- 
peared to the Portland Cement Association 
that valuable information might be gained 
by re-x-raying the chests of a group of 
workers who had been part of the original 
survey made by the Saranac Laboratory, 
and I was requested to make this restudy. 
A plant was found in which there were 195 
employees who had been x-rayed in 1934 
and 1937 and who have had continual expo- 
sure to cement plant dust since then. In 
other words, comparing their new films with 
the earlier ones would tell us whether or not 
the additional 17 to 20 years of dust ex- 
posure had made any changes in the x-ray 
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appearance which could be attributed to the 


plant environment. All of the 195 em- 
ployes were re-x-rayed in 1954 and 1955 
(and a few in 1956), and their previous 
films made available to me through the 
courtesy of the Saranac Laboratory. They 
did not have repeat physical examinations. 
The precise job of each employee since 1937 
was obtained from the plant, along with in- 
formation on the type and severity of the 
dust exposure with each job classification. 


Terminology 


Before the findings of this resurvey are 
presented, it is desirable to define the terms 
being used in this paper so as to avoid mis- 
understanding. The general term “pneu- 
moconiosis” as used here is the broad generi¢ 
one of “retention of dust in the lungs,” 
without any implication as to the type of 
dust or reaction to the dust. Although there 
have been attempts to limit its use to diseased 
lungs due to reactions to dust,® such an 
artificial limitation has not seemed satis- 
factory to me and it will not be so used in 
this paper. With this concept of the term, 
it is obvious that every human being has 
some pneumoconiosis because we all have 
retained dust in our lungs. Whether or 
not this dust has any clinical significance 
depends entirely on the type and amount of 
the dust which has been retained. 

“Benign pneumoconiosis,” as I have de- 
fined it in previous publications,®* means re- 
tention in the lumphatics of the lungs of an 
inert or inactive dust which causes no fibresis, 
no bronchial irritation, no allergy, no -im- 
pairment of lung function, and no increased 
susceptibility to tuberculosis or other in- 
fection. Anthracosis or anthracotic pigmen- 
tation due to carbon retention and siderosis 
due to iron retention are examples. 

“Fibrotic pneumoconiosis” can be defined 
as a fibrous tissue reaction to retained dust, 
of which silicosis and asbestosis are the 
leading examples. Because of their cellular 
reactions, crystalline-free silica dust and 
asbestos fibers are commonly referred to as 
“proliferative or active dusts.” 
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An “absorptive dust,’ as described by 
Miller and Sayers,’ is one which is slowly 
absorbed into the tissue fluids. They so 
classified finished cement dust following the 
intraperitoneal injection of this dust- in 
guinea pigs. Whether or not there is similar 
absorption from the lungs has not been 
established. 

An “inert or inactive dust” is one which, 
even when retained in the tissues and not 
absorbed, causes no cellular reaction in. the 
tissues. It was suggested from the Gardner 
study of 1939 that there was minimal re- 
tention of finished cement dust in the lungs, 
but no reaction to that dust. If that is true, 
then finished cement could be classified as 
inert as well as absorptive. 


Present Roentgen Findings 


in Table 1, of the 195 
cement workers who were re-x-rayed, 120 
cases (or 61.5%) were read as. 
normal limits” 


As shown 


“within 
(either entirely negative 
[| Neg.] or only a trace of linear exaggera- 
tion [P;] consistent with the age). As. ‘will 
be shown later in the correlations. with 
severity and length of exposure, some of 
these had had only minimal exposures, to 
dust through the years, such as power-house 
and machine-shop employees. Most of -the 
others had had moderate to heavy ex- 
posures only to finished Portland and.mortar 
cement dust upwards of 20 years. Twenty- 
eight in this group had worked on the raw 
side of the kiln, but they were mostly quarry 
workers who had had only slight. exposure 
through the years. 


- Taste 1.—Present Roentgen Findings in 195° 
Cement Workers 


Roentgen 


; Number of Percentage of 
Findings Employees Total Group 
Neg. & P ; 120 61.5 
P: 68 35.0 
P 6 3.0 
N 1 0.5 
Totals 195 100.0 


Neg. & P = Normal chest film or’ slightly cinggerated linear 
markings consistent with age. 
P += Moderate linear exaggeration. 


P_ Marked linear exaggeration with some ill-defined mric- 
ion. 


N = Definite micronodulation. 
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There were 68 of the 195 workers re-x- 
rayed (or 35%) whose films were classified 
as “moderate linear exaggeration” (Pe). 
Some of these had had moderate to heavy 
raw and mixed (both raw and _ finished 
cement) dust exposures. A few power-house 
workers were in this group who had had 
largely powdered coal-dust exposure. 

The films of six old employees (or 3% of 
the 195) showed marked linear exaggeration 
(Ps), with ill-defined micronodular 
shadows. However, because of the small size 
of these round shadows (not over 1 mm.) 
and because of the normal appearance of the 
root shadows, these six cases do _ not 
resemble silicosis and cannot be so diagnosed. 
Nevertheless, all of them had had exposure 
largely to raw dusts, which are mostly lime- 
stone and shale known to contain varying 
amounts of free silica, but these exposures 
were intermittent. Because the linear pattern 
predominates over the ill-defined micronod- 
ulation in each of the six cases, they are 
classified as marked linear exaggeration 
(Ps). In only one of these six workers was 


there x-ray evidence of emphysema, pre- 
sumably secondary to der\e upper lobe 
fibrotic lesions due to inactive chronic fibroid 
tuberculosis. None of the six had symptoms 
referable to the chest and all had been doing , 
their regular work daily. 


Only one case out of the 195 (Fig. 1) 


showed clear-cut micronodulation and is 
classified as a nodular case. 
discussed below. 


This case is 


Changes since Previous Films 


Thirteen of the 195 workers in this com- 
parative study showed increases in the lung 
markings since their chest roentgenograms 
of more than 17 years ago. 

1. One case (Fig. 1), which was diag- 
nosed as Ps in 1937, now shows fairly 
definite micronodulation along with the 
marked linear exaggeration. In spite of this 
change, the root lymph nodes still have not 
become larger and denser than normal, as 
would be expected with a developing sili- 
cosis. While the micronodulation in this 
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Fig. 1—Man aged 66. Raw mill operator for 33 
years, with moderate to heavy limestone and shale 
dust exposure. Micronodular x-ray pattern with 
normal root shadows. No chest symptoms. 


case undoubtedly is due to dust retention, 
it is doubtful that it represents typical 
silicotic nodules because of the normal root 
shadows. He was a raw mill operator for 
33 years with moderate to heavy exposure 
to shale and limestone dusts having relatively 
low free silica content as indicated in the 
original study. He has no symptoms ref- 
erable to the chest. The possible cause of 
the micronodular shadows will be discussed 
later. 

2. Three cases showed a_ recognizable 
increase in the linear exaggeration from mod- 
erate to marked (P2 to Ps), with a sug- 
gestion of ill-defined micronodulation in the 
midlung fields on their recent films. All 
three of these workers had had moderate 
to heavy raw dust exposure for many years. 
One had been in the raw mill for 23 years, 
one on the shale feeder drier for 18 years 
(scale operator with slight raw dust ex- 
posure for past 10 years), and the third had 
been in the raw and finish mills for 35 
years. None had symptoms referable to the 
chest, even though the third one has the 
emphysema and the upper lobe fibrotic 
lesions due to inactive fibroid tuberculosis. 
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3. In nine cases there was a recognizable 
increase from normal in 1937 to moderate 
linear exaggeration on the recent film (in- 
crease from P,; to Pe). Five had had 
moderate to heavy exposure, mostly to raw 
dust, for from 18 to 35 years. Three others 
had had moderate to heavy exposure to both 
raw and finished cement dusts (mixed ex- 
posure) for from 20 to 32 years. One had 
had rather heavy exposure to clinker dusts 
as well as to coal dust but to a lesser degree. 
None had had exposure only to finished 
cement dust. 


Significance of Linear Exaggeration 
and Micronodulation 


As was indicated in the Gardner report 
in 1939, it was well recognized that there 
are many conditions other than dust reten- 
tion in the lungs which can cause prominent 
linear markings. These usually are as- 
sociated with congestion of blood in the 
veins and arteries, increased viscosity of 
the blood, or increasing thickness of blood 
vessel and bronchial walls. Much of the 
latter is due directly to increasing age. 

However, in our roentgen resurvey, more 
than twice as many workers classified as 
P2 had been exposed to raw and mixed 
cement dusts as had been exposed only to 
finished cement (38 vs. 13). The lengths 
of exposure were practically the same. It 
is apparent that a considerable number of 
these workers have their exaggerated linear 
markings because of retention of raw and 
mixed cement dust in the lungs. Detailed 
three-dimensional microscopic tissue studies, 
using the technique described by Hepples- 
ton,” would be very useful for a better 
understanding of the precise cause of linear 
exaggeration in these cases. 

The exact cause of the micronodulation in 
the one case classified as nodulation also is 
not clear. Because of the normal appearance 
of the root shadows and the discrete 
character of the micronodulation, this 
roentgen pattern more nearly resembles a 
benign pneumoconiosis than it does silicosis. 
Heretofore, however, only a few of the 
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denser metal dusts, such as iron, tin, and 
barium,®*:? have been so diagnosed by x-ray 
when retained in sufficient concentration im 
the lungs. However, the British investi- 
gators of South Wales coal miners have 
shown that focal collections of coal dust per 
se in the perivascular lymphatics are the 
cause of the discrete micronodular shadows 
seen in large numbers of soft coal miners. 
Such coal collections, or “macules,” ap- 
parently are not visualized because of any 
associated fibrosis, but because of their 
own density. It would seem likely, there- 
fore, that raw and mixed cement dust can 
be similarly retained in focal collections and 
visualized as discrete micronodulation on 
chest roentgenograms. Here, too, detailed 
microscopic tissue studies would be very 
helpful for a better understanding of these 
minimal roentgen changes. 


Normal Roentgen Pattern 
The 120 employes, or 61.5% of all those 


x-rayed, who were classified as “within 
normal limits” (Neg. & P;) were analyzed 
for severity and duration of exposure 
(Table 2). There were three who had 
mostly raw dust exposure to a moderately 
severe degree for up to 20 years. Such 
cases are not explainable with our present 
knowledge except that they must have 
better lymphatic drainage than others, 
resulting in less retention of the dust. There 
were four with the same degree of severity 
and duration to mixed dust exposure who 
were negative. The remaining 113 employees 
in this “negative” group either had had only 
slight exposure to raw, mixed, and other 
dusts or had had only finished cement dust 
exposure. 

It should be noted also that in no worker 
who had had only finished cement exposure, 
even the 24 employees exposed over 30 
years, was there any evidence of micro- 
nodular x-ray shadows or marked linear 
exaggeration (Fig. 2). In the 13 finished 
cement workers who had moderate linear 
exaggeration (Pz), all are older workers 
and it is likely that their prominent linear 
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Fig. 2.—Man aged 64. Exposed to finished ce- 
ment dust only (bag house) for 40 years. Moderate 
to heavy dust exposure. No exaggeration of linear 


markings and no micronodulation. No chest symp- 
toms. 


markings were due to factors other than 
dust retention, This seems to confirm the 
conclusion reached in the first survey that 
finished cement per se causes little or no 
abnormality in the lungs of exposed work- 
ers, as revealed by chest roentgenograms. 


Tuberculosis and Emphysema 


As for tuberculosis, there were six in this 
study with well-healed scars and four others 
with inactive lesions which did not progress 
between 1954 and 1956. In other words, 
there were no active cases of tuberculosis in 
the 195 employees, strongly suggesting that 
inhaled raw, mixed, and finished cement 
dusts do not predispose to tuberculosis. 

There were seven employees of the 195 
whose chest films suggested emphysema. 
Considering that all those with emphysema 
were over 40 years of age and the majority 
were over 50, this was a low incidence. 
Also there was no correlation between the 
severity or type of dust exposure in those 
showing emphysema. The employee with 
the most marked emphysema had had an 
atopic asthma for many years due to known 
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allergens. It seemed quite evident from this 


study, therefore, that exposure to raw, 


mixed, and finished cement dusts had not 
been the cause of recognizable or disabling 
emphysema. 


Pulmonary Calcifications 


An interesting finding in this series of 
195 roentgenograms was the 136 (or 66%) 
which showed calcified nodes and nodules 
characteristic of healed histoplasmosis. This 
benign type of this fungous infection is 
commonly found in the majority of persons 
living in the so-called “histoplasmosis belt,” 
which comprises the Ohio, Mississippi, and 
Missouri river valleys. The spores of this 
fungus have been shown to be present in 
the soil in this belt and apparently are in- 
haled by those living in these areas. It 
happens that the cement plant in this restudy 
is in the center of this belt, which apparently 
accounts for the high incidence of pulmonary 
calcifications in this group. These calcifica- 
tions had been called “healed primary Tb. 
complexes” in the 1937 survey? because 
no one had become “histoplasmosis-con- 
scious” at that time. Also, they quite ob- 
viously are not due to inhaled or retained 
cement plant dust. 


Comment 


The question of the fibrogenicity of lime- 
stone dust has been raised from time to time 
and again has come under discussion re- 
cently. Doig’ described eight cases of 
what looked like nodular silicosis in lime- 
stone grinders and crushers in 1955, but it 
is quite apparent that the English lime- 
stones concerned contain relatively more 
free silica or quartz than do most lime- 
stones, varying from 5% to 15%. If it is 
true that the lung pathology in Doig’s cases 
is due to quartz impurities in the lime- 
stone, then pure limestone with low silica 
content should cause no reaction. To test 
the validity of this reasoning, Davis and 
Nagelschmidt studied the roentgenograms 
of workers who had been exposed only to 
pure limestone with a very low quartz con- 
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tent (less than 1%). Their recent report ™ 
showed a complete absence of any lung 
changes resembling pneumoconiosis in the 
14 workers who had had exposures to high 
concentrations of pure limestone dust for 
from 12 to 35 years. Of even greater 
significance was the absence of any clinical 
evidence of bronchitis or bronchial irritation 
resulting from these extreme exposures. 
They reasoned that calcium carbonate 
probably is dissolved as calcium bicarbonate 
and is not retained in the lungs in any 
recognizable amounts. This study strongly 
suggests that the fibrogenicity of any lime- 
stone is dependent solely on its quartz con- 
tent and that calcium carbonate per se is an 
innocuous material. 

| have had a similar experience with a 
limestone in which the quartz content varies 
from 3% to 5%. In observing with periodic 
chest films many hundreds of workers ex- 
posed to heavy concentrations of this lime- 
stone dust for the past 20 years, not one case 
of silicosis has been found which could be 
attributed to this dust. As a matter of fact, 
we have rehabilitated many old silicotic 
granite cutters by shifting them to lime- 
stone cutting and with good results. The 
limestone dust exposure has not caused 
progression of their granite silicosis. 

Our roentgen resurvey indicates that 
finished cement is quite comparable to pure 
limestone in its inertness in the lungs. Its 
quartz content always is well below 1% 
(seldom over 0.12%). There were no com- 
plaints in these workers of any symptoms 
suggestive of clinical bronchitis, and their 
films showed no evidence of retention of the 
dust in the lungs. This tends to support the 
original work by Miller and Sayers which 
classified finished cement as “absorptive.” 
Even when inhaled in heavy concentrations, 
it appears to be absorbed so rapidly that 
there is insufficient retention at any time for 
it to be visualized on chest roentgenograms. 


Summary and Conclusions 


A total of 195 cement workers who had 
had from 20 to 45 years of exposure to raw, 
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mixed, or finished cement dust were studied 
by comparing their 1934 and 1937 chest 
roentgenograms with recent ones. 


Exposure to high concentrations of raw 
and mixed cement dusts over a period of 
many years may result in marked linear 
exaggeration and _ ill-defined micronodula- 
tion on their films. 


It is suggested that these x-ray changes 
are due to retention of some of the dust in 
the lymphatics of the lungs. 


These changes did not resemble silicosis 
in any case because of the lack of enlarge- 
ment of the root lymph nodes, and it is sug- 
gested that they may be due to direct 
shadows cast by focal collections of retained 
dust and not by fibrosis. 


Finished cement dust exposure alone 
results in no recognizable x-ray changes 
even after upwards of 30 years of exposure, 
indicating that finished cement is largely 
absorbed and that there is little or no re- 
tention and no resulting fibrosis. 


Inhalation of raw, mixed, or finished 
cement dust does not predispose to tubercu- 
losis or emphysema. 


710 N. Plankinton Ave. (3). 
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for Employment 


ARTHUR F. MANGELSDORFF, M.D., Plainfield, N. J. 


since industrialists have become 
conscious of the value and usefulness to 
their organizations of preplacement physi- 
cal examinations, the question most asked 
of the physicians who do these examina- 
tions is, “What is considered as a cause for 
rejection for employment?” This is a very 
difficult question to answer because of many 


Ever 


factors. The fashions in employment change 
even as those of women’s hats. The avail- 
ability of a good source of employable per- 
sons or their lack will influence the answer. 
The demands of the plant and of the em- 
ployment department for workers also plays 
a big role. The type of work to be done 
must also be considered, and the hazards 
involved in the performance of the job. 
Therefore, it is very difficult, if not impos- 
sible, to answer the question in a few words. 
However, there are basic conditions which 
have been used over the years by most oc- 
cupational physicians as criteria for rejec- 
tion for employment. I do not contemplate 
giving a complete list of these criteria, but 
will rather let the figures concerning condi- 
tions found over a long period of time point 
them out. 

Over a 21-year period from January, 
1935, through December, 1955, there were 
in the order of 36,888 applicants examined 
for employment at one large chemical plant 
in New Jersey. Of this number, approxi- 
mately 3811, or 8.56%, were rejected for 
various reasons. Of those rejected, 92.9% 
were male and the remainder, 7.1%, female. 
There were 87.1% white persons and 12.9% 
colored persons. An inspection of Table 1 
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Twenty-One Years’ Experience with Rejections 


TaBL_e 1.—Rejections for Employment from 
1935 Through 1955 


No. of No. Per Cent 

Year Applicants Rejected Rejected 
1935 1,411 191 13.5 
1936 1,382 143 10.3 
1937 1,389 138 9.9 
1938 789 28 3.5 
1939 1,127 100 8.8 
1940 1,523 170 11.1 
1941 3,669 534 14.5 
1942 4,524 723 15.7 
1943 3,249 381 11.7 
1944 1,480 103 69 
1945 2,022 106 5.2 
1946 4,244 499 11.7 
1947 2,183 187 8.5 
1948 1,065 123 11.5 
1949 835 50 5.9 
1950 1,424 81 5.6 
1951 1,096 76 6.9 
1952 1,152 85 7.3 
1953 1,124 53 4.7 
1954 324 3 0.9 
1955 431 16 3.7 

Average 1935-1944 10.59 

Average 1945-1955 6.53 

Average 21 yr. 8.56 


will show that the per cent of rejection per 
year ranges from 0.9% in 1954 to 15.7% 
in 1942, It is interesting to speculate on 
these variations and the factors which pro- 
duce them. In the years 1935, 1936, and 
1937, the medical unit at the plant was new, 
and, being very anxious to make a good 
record, they were rather strict and careful 
in the evaluation of any disability which 
would in any way interfere with the em- 
ployee’s doing a full and active job, so the 
rate of rejection was relatively high. With 
the advent of the Second World War they 
were in some respects sorry that they had 
been so meticulous, because the men _ so 
carefully hand picked were drafted very 
rapidly, and, being in good top physical con- 
dition, they were quickly inducted into the 
armed forces. 

Then came a period of recruiting appli- 
cants in all the byways. The small coal- 
producing areas of West Virginia and 
Pennsylvania were scoured for applicants. 


; 
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TasBLe 2—Causes of Rejections for Employment in 
the Twenty-One Year Period 1935 Through 1955 


Per Cent of 
Order Cause Rejections 
Cardiovascular diseases 
Abnormal chest x-rays 
Hernia 
Eye abnormalities 
Orthopedic deformities 
Abnormal urinary findings 
Dermatitis 
Varicose veins 
Mental disease 
Malnutrition 
Allergies 
Blood changes 
Hearing loss 


cans 


Many were examined, but many were also 
rejected, as is shown by the high total fig- 
ures and percentage rates of 1941 and 1942. 
In the last six years of the study the num- 
ber of rejections and the per cent of re- 
jection have been uniformly quite low. | 
like to feel that the cause of this is a more 
enlightened policy of employment and 
placement. During this period we had been 
stressing the philosophy of employing any 
employable person and especially the handi- 
capped person and placing him in a posi- 
tion compatible with his disability. You 
will note that the total number of appli- 
cants was also low. This, | believe, is the 
result of the more careful screening that 
was done by the personnel department be- 
fore subjecting the applicants to a thorough 
physical examination, and also to the de- 
crease in the rate of turnover which re- 
sulted from improved planning of plant 
operations. 

Having considered the over-all rate of re- 
jection, let us inspect some of the individual 
reasons for those rejections. On the basis 
of the total number of rejections, 3811, the 
percentages of each disease or group of 
conditions will vary from year to year, but 
in the 21-year period from 1935 through 
1955, they ranged as shown in Table 2. 
Cardiovascular conditions ranked as the No. 
1 cause of rejection. This included all heart 
and blood vessel abnormalities, including 
hypertension and enlarged hearts as demon- 
strated on the six-foot x-ray, and accounted 
for 21.20% of the applicants rejected. Sec- 
ond in line were chest x-ray abnormalities, 
including tuberculosis, silicosis, and other 
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abnormalities of the chest noted on the 
six-foot x-ray film. Of the applicants re- 
jected, 18.76% showed some chest x-ray 
abnormality. The finding of a hernia in any 
location was next, with 14.48% of the cases. 
Loss of vision in one eye or other visual 
abnormalities accounted for 10.49% of the 
persons rejected. Orthopedic deformities of 
all kinds—arms, legs, backs, both acquired 
and congenital—were next, with 8.92% of 
the Then came abnormal urinary 
findings of albumin or sugar, or the show- 
ing on microscopic examination of red blood 
cells, white blood cells, or casts. This ac- 
counted for 7.74% of the cases. Dermatitis 
showed up in 7.42% of cases. Enlarged 
varicose veins were reported in 3.43% of 
cases. Mental disorders of all kinds were 
grouped and reported in 1.52% of cases. 
Malnutrition, either over- or underweight, 
accounted for 0.91% of rejections. Allergies 
and asthma were next, with 0.76% of the 
cases. Then came abnormalities in the blood 
picture with high or low hemoglobin, ab- 
normal red blood counts or white blood 
counts, or other blood dyscrasias, which 
amounted to 0.70%. Hearing loss or in- 
fected ears accounted for 0.49% of those 
rejected. 


cases. 


On dividing our survey years into two 
groups—one the years 1935 through 1944, 
and the other 1945 through 1955, it is in- 
teresting to note the changes in order of 
prominence of the factors for rejection. In 
the 10-year span from Jan. 1, 1935, through 
Dec. 31, 1944, Table 3 shows that chest 
x-ray abnormalities head the list, with 


TapLe 3.—Causes of Rejection for Employment 
for the Period January, 1935, Through 
December, 1944 


Per Cent of 
Rejections 


4.77 
4.71 
3.67 
1.43 
1.01 


Cause 


Abnormal chest x-ray 
Cardiovascular diseases 
Hernia 

Visual defects 
Orthopedic deformities 
Abnormal urine findings 
Dermatitis 

Varicose veins 

Mental diseases 
Malnutrition 

Blood changes 
Allergies 


i 
a 
ares 
Order | 
21.01 
19.88 
16.71 a 
12.08 
9.25 
10 
12 
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TABLE 4—Causes of Rejection for Employment 
for the Period January, 1945, Through 
December, 1955 


Per Cent of 

Order Cause Rejections 
1 Cardiovascular diseases 23.34 
2 Chest x-ray abnormalities 13.97 
3 Abnormal urine findings 13.60 
4 Dermatitis 12.48 
5 Hernia 10.77 
6 Orthopedic deformities 8.11 
7 Visual Cefects 4.05 
8 Varicoss veins 2.96 
4 Mental diseases 1.56 
10 Malnutrition 1.24 
ll Allergies 0.78 
12 _— Blood changes 0.31 
13 Hearing changes 0.23 


21.01% of applicants. Cardiovascular dis- 
ease was next, with 19.88%. Hernias were 
third, with 16.71% of applicants. Visual 
defects were fourth, with 12.08%; then 
orthopedic deformities, with 9.25%. 

Table 4 shows the period Jan. 1, 1945, 
through Dec. 31, 1955. Here you will see 
that the cardiovascular diseases have taken 
first place, with the rejection of 23.34% 
of the applicants. Chest x-ray abnormalities, 
with 13.97% of the cases, are reduced to 
second place. Abnormal urinary findings 
have come up to third place, with 13.60% 
of the rejections. Dermatitis advanced to 
fourth place, with 12.98%. Hernia cases 
have fallen back, with only 10.77% of re- 
jected, to fifth place. Orthopedic deformi- 
ties accounted for 8.11%. Visual defects 
appeared in 4.05% of the applicants re- 
jected. Varicosities were noted in 2.96% of 
those rejected, and only 1.56% were re- 
jected for mental diseases. 

Because of differences in the standards 
and the physical requirements of the armed 
forces, comparisons of the above-noted or- 
ders of rejection with the causes of rejec- 
tion for those men drafted for service in 
World War I and World War II are not 
very equitable; still they do give us some 
indication of trends and styles, and there- 
fore should be considered. Table 5 lists 
the causes of rejection of men drafted in 
World War I. It should be noted that 
21.3% of the men examined were rejected ! 
in 1918. This is more than twice the aver- 
age rate of rejection noted in our survey of 
the industrial cases. It is of interest to note 
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that orthopedic impairments head the re- 
jection list, with 10.53 of those examined. 
This is only slightly higher than the rate 
found in industry (Table 3) of 9.25%, 
where it was No. 5 in order of rejection. 
The second cause of rejection was eye ab- 
normalities, which account for 5.35% of the 
men. The per cent of rejections here is 
much lower than the industrial finding of 
12.08% (Table 3). Cardiovascular abnor- 
malities are third on the list, with only 
4.72% of the draftees rejected. Compar- 
ing this with industry’s 19.88% of appli- 
cants (Table 3) makes us realize that here 
we are dealing with a fixed-age population 
as compared with persons of all age groups. 
The remainder of the items speak for them- 
selves, and we shall not take the time to 
discuss them further. There is only one, 
mental diseases, with 2.38%, that should 
be pointed out. This is somewhat higher 
than the 1.43% (Table 3) noted as the rate 
of rejection in industry, but in the latter 
case these employees were screened by the 
personnel department before being subjected 
to an examination. 

Our comparisons would be incomplete 
without an examination of the rejection 
rates for World War II.2 Let us examine 
Table 6. Here the over-all rejection rate in 
1945 rose to 30.2%. This was almost four 
times the rejection rate found in our sur- 
vey for industry. New leads were also made 
in the causes of rejection. You will recall 
that in World War [ the nervous and mental 
diseases ranked as the eighth cause of re- 
jection, with 2.38% of the men drafted. 
In industry over the 21-year period mental 
diseases were in ninth place, with 1.52% of 


TaBLe 5.—World War I—Rejection of Draftces 


Order Causes of Rejection Per Cent 
1 Orthopedic impairments 10.53 
2 Eye 5.35 
3 Cardiovascular diseases 4.72 
4 Underweight 2.96 
5 ernia 2.58 
6 Tuberculosis 2.43 
7 ‘Teeth 2.42 
8 Nervous and mental diseases 2.38 
9 Ear 1.46 

10 Venereal diseases 0.31 
ll Varicose veins 0.61 


Rate of rejection, May 1, 1918—21.3% 
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Taste 6—World War I1—Rejection of Draftees 


Order Causes of Rejection Per Cent 
1 Mental disease 17.7 
2 Illiteracy 14.0 
3 Musculoskeletal impairments 76 
4 Cardiovascular diseases 6.6 
5 Hernia 5.4 
6 Syphilis 5.3 
7 eurological 49 
8 Eyes 49 
9 3.9 

10 Tuberculosis 2.7 
ll Lungs 18 
12 Kidney and urinary findings ll 
13 Varicose veins 1.0 
14 Dermatitis 0.7 


Rate of rejection, Aug. 1, 1945—30.2% 


applicants, but in the World War II ex- 
aminations mental diseases accounted for 
17.7% of those rejected. Following closely 
behind was illiteracy, with 149%. Musculo- 
skeletal or orthopedic impairments were 
third, with 7.6%. This percentage is less 
than the World War I figure of 10.53% 
and also lower than the industrial survey 
figure of 8.92%. Next came the cardio- 
vascular diseases with 6.6% of the draftees. 
This figure is only a third of the industrial 
average of 21.20%, but is higher than the 
rate found in World War | draftees of 
4.32%. While these comparisons are inter- 
esting, we must remember that the age 
groups vary greatly and will adequately ac- 
count for a great many of the variations 
noted. Table 7 shows the percentages of 
applicants rejected by years. Our No. 1 
cause, cardiovascular diseases, shows that 
an average of 1.60% of those applying for 


TaBLe 7.—Percentages of Applicants Rejected by Years for Various Causes 


a job were rejected for this reason. These 
were the cases of definite murmurs result- 
ing from some cardiac pathology or with a 
history of rheumatic fever or other cardiac 
history; enlargement as measured by the 
six-foot chest x-ray, with the cardiac 
shadow measuring over 50% of the trans- 
verse diameter of the thoracic shadow, with 
the systolic reading over 150 mm. and the 
diastolic level over 100 mm.; arterioscle- 
rotic heart disease with tortuous arteries; 
markedly enlarged aortas; swelling of an- 
kles; history of angina; or dyspnea. The 
rate of rejection from year to year varies 
only slightly, with a few exceptions. In the 
World War II years of 1942-1943 the re- 
jection rate rose markedly, owing largely to 
the poor caliber of personnel that were 
available for employment, such as older age 
individuals and those who had been re- 
jected by the Armed Forces. In 1946 and 
1948 the rate was also up. During these 
years a drive was on to increase the plant 
population, and recruiting of personnel in 
top physical condition was difficult. Al- 
though the death rate from cardiovascular 
disease has been rising over the years, our 
rejection rate over the last three years has 
shown a gradual, although small, decrease. 
However, the small number of cases and of 
years makes any conclusion invalid. Our 
No. 2 cause of rejection, chest x-ray ab- 
normalities, showed an average of 1.56% of 


Cardiovascular Chest X-Ray 

Year Diseases Abnormalities Hernias 
1935 1.77 2.76 1.84 
1936 0.72 2.24 0.72 
1937 1.71 1.07 1.78 
1938 1.76 0.38 0.76 
1939 1.24 1.59 1.33 
1940 1.51 2.36 1.57 
1941 2.04 4.44 2.07 
1942 4.46 3.53 4.48 
1943 3.23 1.69 3.35 
1944 1.08 1.28 1.08 
1945 0.84 0.98 0.09 
1946 3.11 1.22 1.15 
1947 1.83 1.37 0.82 
1948 3.09 1.68 0.84 
1949 1.19 1.31 0.47 
1950 1.12 0.63 0.77 
1951 1.45 1.18 0.82 
1952 0.95 1.38 2.08 
1953 0.97 0.88 0.97 
1954 0.00 0.00 0.30 
1955 0.69 0.92 0.23 
Average 1.60 1.56 1.31 


Visual Abnormal Mental 
Defects Urinary Dermatitis Diseases 
Findings 
1.20 0.21 0.63 0.21 
1.30 0.14 0.50 0.07 
1.87 0.07 0.28 0.00 
0.38 0.38 0.12 0.00 
0.70 0.70 0.35 0.00 
1.18 0.65 0.45 0.06 
2.01 1.30 0.54 0.00 
2.10 0.53 0.87 0.18 
1.29 0.46 0.64 0.46 
0.47 0.33 0.33 0.60 
0.19 0.74 0.54 0.14 
1.15 1.95 1.34 0.14 
0.36 1.55 1.28 0.09 
0.75 2.44 1.22 0.18 
0.23 0.83 0.59 0.11 
0.28 0.28 1.12 0.13 
0.72 0.08 1.09 0.18 
0.34 0.26 0.78 0.08 
0.44 0.08 0.71 0.08 
0.00 0.30 0.30 0.00 
0.46 0.23 0.69 0.23 
0.82 0.64 0.68 1.40 
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applicants rejected because of chest x-ray 
findings. These were cases of minimal 
apical infiltration, moderate or advanced 
cases of tuberculosis, and miliary tubercu- 
losis. Applicants who were exposed to silica 
or coal dust and other dusts which might 
have caused an early pneumoconiosis were 
watched carefully for the early snowflake- 
appearing chests, or moderate or advanced 
pneumoconiosis with changes in their re- 
spiratory volume, cases showing pneumo- 
thorax and marked increase in bronchial 
markings, especially toward bases suggesting 
advanced bronchiectasis, cases with marked 
bronchial markings and histories of bronchi- 
tis, and other chest diseases, as Aspergillus 
nodules, opacities which were diagnosed as 
possible tumors or were questionable. The 
trend seems to be toward a decrease in 
chest pathology over the 21-year span. In 
the early years many more positive films 
were noted. In the early World War II 
years the heavy recruitment from small 
coal-mining areas accounted for the exami- 
nation of a great many applicants who had 
early and moderately advanced silicosis. 
This gave us our peaks of rejection in those 
years. The last 10 years have shown a 
gradual tapering off, possibly due to the 
acceptance of tuberculosis screening x-rays 
by mobile units, early diagnosis of chest ail- 
ments, and better and early care of those 
affected by tuberculosis and other chest dis- 
The silicosis cases also show a de- 
crease, undoubtedly due to better industrial 
hygiene and occupational medicine prac- 
tices in the mining areas. 


eases. 


Hernia cases showed an average rejection 
rate of 1.31%. These included inguinal 
hernias, both direct and indirect, where 
there was a descent of hernia sac into the 
canal or scrotum, incisional hernias, femoral 
and umbilical hernias. During the first half 
of our study period this rate was exceeded, 
and markedly so in 1942 and 1943 when 
we were examining the older and more 
debilitated applicants, but in the latter half 
the rate has steadily fallen, except for 1952, 
when we had a marked increase, for which 
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I have no explanation. I like to think that 
this gradual decline in rate of hernia re- 
jections is due to improved physical fitness 
and better muscular development in our 
youth and education in proper care of early 
hernias. 

Applicants were rejected because of the 
possible danger to themselves resulting 
from the chemicals to be handled, for cer- 
tain jobs where they had monocular vision, 
loss of sight in one eye, or absence of one 
eye. When the visual acuity was below 
20/100 in both eyes the applicant was con- 
sidered totally blind industrially. For some 
laboratory jobs requiring acute color sensi- 
tivity those applicants showing color blind- 
ness were rejected. Early recognition of 
eye defects, with adequate methods of im- 
proving vision and acceptance of the use of 
proper glasses and methods of correcting 
muscle imbalances, probably accounts for 
the gradual decrease in the rate of rejection. 

The figures for abnormal urinary findings 
show an average of 0.64% of the appli- 
cants rejected. The presence of more than 
1+ albumin or 1+ sugar was considered 
abnormal and cause for rejection; repeat 
specimens were done in all cases to be sure 
the finding was not a transient one. On 
the certrifuged smear the presence of more 
than 2 or 3 casts or 2 or 3 red blood cells, 
or 5 to 10 white blood cells was looked upon 
with suspicion. A study of the figures will 
show a peak in 1941 (one of the World 
War II years) and peaks in 1946, 1947, and 
1948. These latter years we had started a 
more complete laboratory service and were 
training our nurses in proper standards, so 
that we were being rather rigid in our in- 
terpretation of our findings. With experi- 
ence and age we were able to safely accept 
some persons who previously would have 
been rejected. 


An interesting picture is presented by 
dermatitis cases, where 0.68% were re- 
jected. These were represented by cases of 
psoriasis, contact dermatitis, eczemas, severe 


acne, or other skin lesions. Here the re- 
verse trend seems to hold. Our early years 


Vol. 17, Feb., 1958 


REJECTIONS FOR EMPLOYMENT 


showed little dermatitis, but the latter years 
consistently show a marked increase in the 
number of cases. Why this is so is rather 
difficult to ascertain. Perhaps we are be- 
coming more sensitized to our environment 
with its many new detergents, etc. 

Our last listed cause of rejection is mental 
diseases. Here we have grouped for con- 
venience in recording the acute mental dis- 
eases, the personality disorders, those who 
admit epilepsy, both grand mal and petit 
mal, and those having frequent fainting 
spells. We have also included the alco- 
holics. The figures bear out the findings of 
World War I and World War II. Be- 
tween 1935 and 1941 we had little or no 
rejections for mental diseases. You will 
recall that the rejection rate for mental ill- 
ness was low in World War I, then after 
the beginning of World War II our re- 
jection rates rose in 1943 and 1944, prob- 
ably owing in large degree to the diagnosis 
placed by the armed forces examining 
boards on those rejected for service because 
of mental illness. You will recall that mental 
disease was the No. 1 cause of rejection in 
World War II draftees. After the furor 
of 1944 our rejection rates due to mental 
illness fell to a modest level and have re- 
mained there. 


Comment 


Let us return to Table 1 and speculate on 
the reasons for the peaks and valleys. You 
will note that during times when more ap- 
plicants were being examined we had our 
highest rejection rates. This theoretically 
should not happen, but it does, I believe, 
because when the personnel department has 
an extra large case load they will tend to 
push people through their routine with a lit- 
tle less screening than in times when there is 
no rush and careful evaluation can be made. 
Therefore the medical unit must examine 
and possibly reject more applicants. Per- 
haps some fault also lies in the medical 
department, for when they are pushed they 
also tend to make judgments without too 
much extra consideration for the borderline 
case. Thus perhaps we can gain one les- 
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son from our observations—that even in 
times of peak loads the same care and 
screening of applicants should be main- 
tained. 

When we consider the rejection rate in 
World War I and World War II we can 
feel a little smug about our modest indus- 
trial rate of 8.56% of applicants rejected. 
In a review of the causes of rejections it is 
significant that the cardiovascular diseases 
should head the list and also that they 
seem over the 21-year period to be slightly 
on the increase. The significant factor in 
the chest x-ray figures would seem to be 
the slight decrease in tuberculosis cases, 
but with all the publicity given to this sub- 
ject, this figure should have dropped in 
the latter years to practically zero. It is 
gratifying to see the reduction in number 
of silicosis cases diagnosed. I am sure this 
is due to education of the worker in per- 
sonal protection and to improved industrial 
hygiene practices in the mines. Throughout 
the other causes of rejection there seems to 
be a trend toward a decrease in pathology 
found in the latter years. I'd like to be- 
lieve that this is the result of education of 
the public in better health practices, realiza- 
tion that industry will require employees 
having better physical standards, improved 
personnel screening policies, and better med- 
ical department placement of applicants in 
jobs they can do irrespective of their physi- 
cal condition. 

The reverse curve on dermatitis makes 
one wonder if we are making our present 
population more sensitive to the environ- 
ment by the use of such efficient detergents 
and surface-acting agents, or whether the 
medical profession is just more awake to 
early rashes and is being extra careful to 
avoid any possible compensation action re- 
sulting from an aggravation of a preexist- 
ing rash. The trend or style in mental 
diseases very amply points out the changes 
in medical practice. Before World War II 
very little emphasis was placed on early 
and borderline mental behavior cases or on 
psychiatry. Since that time these cases and 
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psychiatry have played a large role in our 
medical department activities. 

The policy of employing persons who 
have some handicaps or disabilities has 
put our medical examination program well 
ahead of the general practice, for by the 
careful placement of persons handicapped 
in any way we can more effectively take care 
of our manpower shortages and give many 
more persons an active and useful life’s 
work. 


Summary and Conclusion 


A compilation and résumé of 21 years of 
records of applicants rejected for employ- 
ment is presented. 

The average rejection rate of 8.56% is 
very modest as compared with the rejection 
rate in World War 1 of 21.3% and in 
World War II of 30.2%. 

Cardiovascular disease heads the list of 
causes of rejection. 


Chest x-ray abnormalities are second. 


Therefore, the instruments still necessary 
to the efficient and successful practice of 
occupational medicine are the stethoscope, 
sphygmomanometer, and x-ray machine. 

707 W. 8th St. 


The Bound Brook Plant of The American 
Cyanamid Company supplied the statistics com- 
piled, and the staff of The Prudential Insurance 
Company of America, especially Dr. Buchan, Miss 
Gray, and Mr. Oliver, assisted in completing this 
paper. 
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Introduction 


One of the greatest challenges which 
confronts the medical profession today is 
the prevention of disease and injury. Cer- 
tainly, once the cause of either disease or 
injury has been established, the preventive 
measures should more easily follow. How- 
ever, in spite of well-documented experience 
and in the increased air travel, 
preventable injuries and deaths are still 
occurring in aircraft accidents. 
the fundamental 
abrupt deceleration and its associated injury 
potential have been studied with interesting 
results. 1942 demonstrated 
it was not the speed or the height of a fall 
that was in itself injurious but rather the 
high rate of change in velocity. This sig- 
nificant feature, the rate of onset of the 
has the full 
attention of Stapp,” and he currently is able 
to predict “life or death” in experimental 
animals subjected to known decelerative 


forces. 


face of 


Jasic re- 


search in concepts of 


DeHaven! in 


decelerative force, received 


If the decelerative force of the occupant 
is distributed over a large area and if he 
decelerates at the same rate as his protec- 
tive equipment, then injuries are much 
less likely than when the occupant has the 
decelerative force focused on a small body 
area and he decelerates at a more rapid rate. 
This applies to the rearward facing seat as 
opposed to the forward facing seat. In the 
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latter, the occupant has the decelerative 
force applied to the area of the seat belt, 
resulting in the head, body, and arms mov- 
ing forward at a more rapid rate since the 
seat belt serves as a fulcrum. On the other 
hand, the back of the seat serves as a large 
decelerative area and allows the body to 
decelerate at the same rate as the protec- 
tive equipment. The advantage of rearward 
versus forward facing seats has appeared 
in the literature on previous occasions ** 
and the work of the Royal Air Force In- 
stitute of Medicine 
ing.” 


Aviation is outstand- 

In order to gain further insight regarding 
the prevention of injury and death in air- 
craft accidents, we have drawn upon the 
experience of the United States Air Force 
for this presentation, 


Source of Material 


In order to evaluate deaths and injuries 
incurred in aircraft accidents, the records 
available at the Directorate of Flight Safety 
Research, Office of the Inspector General, 
United States Air Force, were reviewed for 
information regarding all personnel in- 
volved in major aircraft accidents during 
the 1953 and 1955.* This review 
gave information concerning three factors 
which were then correlated: (a) the occu- 
pant and his injuries, (/) the cause of the 
injuries, and (c) protective equipment. The 
occupant was a person who was in the air- 
craft at the time of impact (excludes 
bystanders and bail-outs), and from the rec- 


years 


* The present system of accident analysis was 
instituted at the beginning of calender year 1955. 
The data for 1953 have been retroactively com- 
pleted, but the 1954 data have not yet been com- 
pleted. Alternate years instead of consecutive years 
were chosen to give better insight into any trends 
or changes in injury pattern. 
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TABLE 1—Occupants of Aircraft Involved in 
Major Accidents 


No. of 
Cases Per Cent 
Total occupants 8,416 100 
Fatal injury 1,572 18.7 
Major injury 439 5.2 
Minor or no injury 6,405 76.1 


ords a tabulation of injuries (mimor, major, 
and fatal) was accomplished. The decelera- 
tive impact force of the aircraft was the 
chief cause of injuries and could be sub- 
divided into three decelerative forces: negli- 
gible or moderate, severe, and extreme 
deceleration. Protective equipment was 
evaluated and included the function of seat 
belts, seat retention, seat facing, and hel- 
mets. 


The Occupant and His Injuries 


A listing of all the occupants in the air- 
craft at the time of impact and the nature 
of their injuries showed the results given in 
Table 1. 

A study of the fatal injuries is shown in 
Table 2, and the category “multiple trau- 
matic injuries” indicates that the occupant 
received two or more lethal lesions. In the 
remaining categories, the cause of death was 
the single item mentioned. An analysis of 
those fatalities in which an autopsy was per- 
formed has been previously reported.® 

Major but nonlethal injuries were sus- 
tained by 439 occupants, and they received 
1270 significant lesions, which were classi- 


Taste 3.—Major Nonfatal Injuries Sustained in 
Major U. S. A. F. Aircraft Accidents, 
1953 and 1955 


No. of Cases 
Type Injury Primary Ss d 
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TABLE 2.—Primary Fatal Injuries Sustained in 
Major U. S. A. F. Aircraft Accidents, 
1953 and 1955 


Type of Fatal Injury No. of Cases 
Multiple traumatic injuries 1,180 
Burns 105 
Intracranial injury 104 
Intrathoracic or intra-abdominal injury 13 

tion of cord 9 


Hemorrhage (external) 
Other 


Total 1,572 


fied as primary (most serious) and second- 
ary (less serious) injuries (Table 3). 

The minor injuries were not of sufficient 
consequence to be considered for this pres- 
entation and consisted chiefly of abrasions, 
minor contusions, superficial lacerations, ete. 


The Cause of Injuries 


The injuries sustained by the occupants 
could be attributed chiefly to one or more 
factors, although the commonest source of 
injuries was the decelerative force on im- 
pact. The force of deceleration was respon- 
sible for 87.7% of all fatal and major 
nonfatal injuries, while the remaining 
12.3% of injuries were due to fire, to pro- 
truding, intruding, or hurled objects, and to 
other causes, including drowning. The im- 
pact force of deceleration was classified as 
negligible or moderate, severe, and extreme. 
Tabulations of injuries incurred and ex- 
amples of each category follow. 

(a) Negligible or Moderate Decelerative 
Impact Force.—A listing of injuries encoun- 
tered by occupants during negligible or 
moderate decelerative impact forces are 
found in Table 4. The usual finding in this 
category consisted of a “wheels-up” landing 
with relatively minimal to moderate damage 


TABLE 4.—Injuries in Relation to Negligible or 
Moderate Deceleration Accidents 


Injury Injury 


Fractures 225 244 
Burns 81 165 
Intracranial injury 51 12 
with skull fracture 1 
without skull fracture (concussion) BY ll 
Surface wounds 50 
Sprains and dislocations 16 32 
Intra-ahbdominal or intrathoracic 
injury 6 5 
Other 10 4 


Total 


Fractures 
Vertebral 
Skull and face 
Extremities 1 
Pelvic 

Surface wounds 

Sprains and dislocations 

Concussion 

Severe cranial injury 

ther 


Total injured 
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to the aircraft, and, if a major injury was 
incurred, it ordinarily was a vertebral frac- 
ture. 

The following example typically illus- 
trates the injuries sustained by the occupant 
and the extent of damage to the aircraft: 

Case 1.—The pilot of a T-33 jet trainer air- 
craft noticed immediately after being airborne 
that the aircraft failed to climb or accelerate. The 
gear was retracted in an attempt to maintain level 
flight, but the aircraft started to stall. The pilot 
and the aircraft crash-landed and stopped after 
sliding approximately 300 ft. on the runway and 
another 900 ft. in the adjacent dirt. The pilot 
ejected the canopy, removed his parachute, and 
crawled from the aircraft. He sustained compres- 
sion fractures of the thoracic vertebrae: T-9, T-10, 
and T-11. He was wearing a seat type of para- 
chute with the standard cushion which contains 
mohair of approximately 1 in. compressibility. The 
lap belt was the regulation type and was used. 
Accelerometers used at the time of impact indi- 
cated 9 positive g’s and 3 negative g’s at a 
sustaining decelerative impact. The pilot’s state- 
ment indicates that the principal force of the 
impact was downward. 

(b) Severe Deceleration Impact Force.— 
The injuries sustained by aircraft occupants 
during a severe decelerative impact force 
are listed in Table 5. A larger number of 
the occupants were injured and the injuries 
were of a more serious nature. The ma- 
jority of aircraft in this category were 
wrecked but not disintegrated. 

An example of an aircraft and occupant 
sustaining severe decelerative impact forces 
with resultant injury is as follows: 

Case 2.—The pilot of an F-84F jet fighter air- 
craft while landing experienced partial loss of 
power followed by an explosion and “flame out.” 
He was unable to reach the base and landed in 


TABLE 5.—Injuries in Relation to Severe 
Deceleration Accidents 


Fractures 
Skull and facial 

Vertebral 1 

Extremities 

Other 
Surface wounds 
Intracranial injury 

(other than with skull fracture) 

— traumatic injuries 
Intrathoracic and abdominal injury 
Sprains and dislocations 
Other 

Transection of cord 

Concussion of cord 

Crushing of leg 


Total injured 294 


men 
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TABLE 6.—Injuries in Relation to Extreme 
Deceleration Accidents 


Multiple traumatic injuries 


1,147 
she and dislocations 49 


Dislocations 
Severe cranial injury 36, 
Intrathoracic and abdominal injury 6 
Concussion 4 
Cord transection 3 
Surface wounds 1 
246 


Total injured 1, 


a nearby newly planted corn field. The aircraft 
came to a stop after bouncing once and then 
skidding approximately 1500 ft. The pilot’s helmet 
came off while the aircraft was skidding along the 
ground, and he struck his head on the upper left- 
hand portion of his instrument panel, sustaining 
major injuries consisting of a skull fracture and 
laceration of the brain. The pilot, in a semi- 
conscious and shock state, attempted to climb from 
the cockpit but was evacuated to the hospital by 
helicopter. 

(c) Extreme Decelerative Impact Force. 

When an aircraft was subjected to an 
extreme decelerative impact force, the air- 
craft was usually demolished or disinte- 
grated, and the resultant injuries were 
almost always multiple and severe. The 
injuries encountered under such extreme 
decelerative impact forces are listed in 
Table 6. The extent of bodily injuries is 
well demonstrated by the large number of 
multiple traumatic injuries (92% sustained 
two or more lethal injuries). Inasmuch as 
the aircraft ordinarily was demolished, this 
usually indicated that the structural limita- 
tions of the protective equipment had been 
exceeded and had resulted in extreme bodily 
injuries. 

A rare example of extreme decelerative 
impact force in which the protective equip- 
ment functioned properly is shown by the 
following : 


Case 3.—The pilot of an F-86 jet fighter air- 
craft was unable to reach his distination owing to 
fuel exhaustion. He elected to land the aircraft 
on a farm, but the aircraft struck a tree approxi- 
mately 15 ft. from the ground at a point where 
the tree was 10 in. thick. The left wing sheared 
the tree, and the aircraft, not out of control, 
continued on its crash course. The aircraft then 
touched down, slid on its belly until it struck a 
group of large rocks and tree stumps, and was 
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demolished in the subsequent cartwheeling effect. 
The aircraft separated into many parts, and the 
cockpit was sheared immediately in front of the 
windshield and immediately behind the rear armor 
plate. The cockpit was the section which 
thrown the greatest distance—approximately 900 
ft. The seat remained intact within the cockpit and 
the other protective devices held. The pilot evac- 
uated from the cockpit after it had stopped mov- 
ing. The only injury sustained by the pilot was 
a 2 in. superficial laceration of the posterior aspect 


was 


of the scalp. 

(d) Burns, Hurled Objects, and Other 
Causes of Injury.—Burns were the primary 
cause of 105 fatalities and 81 major non- 
lethal injuries, and when burns were en- 
countered they were commonly the only 
significant lesion found. Hurled or intrud- 
ing objects were responsible for only 27 
cases of injury; however, this may _ be 
actually a much larger category since this 
possibility is often overlooked. Usually 
hurled objects were identified as the cause 
of injuries only when the survivors re- 
counted the circumstances of an accident. 
Drownings and asphyxiation due to other 


causes were only rarely found. 


Protective Equipment 


The injuries sustained were correlated 
with various items of protective equipment, 
including helmets, seat belt, seat retention, 
and seat facing. 

(a) Helmets.—In a recent study? con- 
cerning the use of helmets, their protective 
role was demonstrated by comparing the 
frequency of head injuries when the helmet 
was used as opposed to its nonuse. In 
major aircraft accidents in which the occu- 
pants furnished protective helmets 
(fighters and jet bombers), 21.6% of the 
head (7.4% 


were 


personnel received injuries 


Tas_e 8.—Relation of Seat Retention to 


Deceleration Moderate 
or Negligible 
Seat &/or 
Seat & Occupant 

Occupant Held Dislodged * 
Total occupants L 21 
Total injured 1 
Total not injured 5 20 
Per cent injured P 4.8 


Seat & 
Occupant Held + 
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Taste 7.—Relation of Seat Belt to Resultant 
Injury 


Fatal Minor or 


None 


Major 


No. % No. % No %& 


Used and held 192 03.4 316 
Used and failed 858 
Not used 75 14.0 


Total 


5,726 
872 
385 72.0 535 


05.5 5,218 91.1 
0.2 0.0 


14.2% 
injuries). In major aircraft accidents in 
which the occupants not furnished 
protective helmets (all other type aircraft), 
38.3% of the personnel received head in- 
juries (14.0% were fatal and 24.3% were 
major head injuries). This survey showed 
that the helmet definitely prevented head 
injury in 138 instances and during this 
same period failed to provide protection in 


were fatal and were major head 


were 


only 12 cases. 

(b) Seat Belts —I\nformation concerning 
the use and function of the seat belt was 
obtained in connection with 7133 occupants 
involved in major aircraft accidents. Anal- 
ysis that 78.5% (5603) received 
either no injury or only minor injury, while 
15.8% (1125) 


5.7% (405) received major nonlethal in- 


showed 
were fatally injured and 


juries. Since the frequency of these injuries 
closely corresponds with the over-all injury 
rate, it is reasonable to conclude that the 
relation of the seat belt to resultant injury 
is applicable to all type aircraft occupants 
(Table 7). Further evaluation of seat belt 
function showed that it was not possible 
to completely separate the role of seat belt 
function from seat retention to floor. 

(c) Seat Retention.—Data regarding seat 
retention to the floor were available only for 
the year 1955, but it was clearly shown that 
as the forces of deceleration increase there 


Resultant Injury, Calendar Year 1955 


Deceleration Severe Deceleration Extreme 


Seat & /or 
Occupant 
Dislodged * 


Seat &/or 
Occupant 
Dislodged * 
37 538 
29 538 


78.4 100 


Seat & 
Occupant Held 


* Seat and occupant in over 95% of cases. 
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TaBLe 9.—Injuries in Relation to Seating in Transport Aircraft, Two and One-Half 
Year Period, All Accidents 


Seat facing front 84.4 
Seated facing rear 286 98.3 
Seated facing sides 579 94.6 
Standing 79.5 


is a marked rise in the frequency of injury. 
Under forces of moderate deceleration only 
14% of the occupants sustained injury, 
while decelerative forces 
96% of all occupants suffered injury. Table 
8 lists the data to support the distinct cor- 
relation 


under extreme 


between seat retention inci- 
dence of injury. 

(d) Seat Facing.—\n order to evaluate 
seat and body facing in relation to subse- 
quent injury, a series of accidents involving 
transport type aircraft were reviewed. This 
allowed a study of accidents involving rea- 
sonably homogeneous aircraft with a rela- 
tively large number of occupants seated in 
various directions. Every USAF transport 
aircraft involved in a major accident during 
a recent two and one-half year period was 
included. There was no selection or screen- 
ing out of accidents. The injury or lack 
thereof was correlated with seating direc- 
tion of every occupant where it was possible 
The 


only exclusions were those cases where body 


to determine such seating direction. 


facing at the time of the crash was impos- 
sible to establish. The latter were predomi- 
nantly uninjured passengers where reporting 
of body position was overlooked. The over- 
all results are given in Table 9. 

In further refinement of this study high 
impact accidents were eliminated. In such 
cases there was frequently total destruction 


Year Period, 


Not Injured 


Seated facing front 


Seated facing rear 286 3 
Seated facing sides 57 94.9 
Standing 89.7 
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TABLE 10.—I/njuries in Relation to Seating in Transport Aircraft, Two and One-Half 
Survivable Accidents 


Injured 


1.1 171 5.6 
1.0 2 0.7 5 1.7 
1.0 27 44 33 54 
9. 15 10.6 29 20.5 


or disintegration of the aircraft, with the 
result that body position had little role in 
regard to subsequent trauma. In low impact 
accidents, on the other hand, the aircraft, 
including the cockpit, remained relatively 
intact during the crash and survival would 
be expected. Seating arrangement and re- 
sults to occupants in the latter type accidents 
are shown in Table 10. 

This analysis is especially pertinent, since 
in almost all cases the seat maintained its 
mooring to the floor and seat belts were used 
by the occupants. 


Comment 


Although it is not possible to completely 
separate the role of seat belt function and 
seat retention to the floor in higher impact 
valuable can be 
gained from accidents involving negligible 
or moderate impact forces. 


accidents, information 
In these acci- 
dents the seat mooring and the seat belt 
usually function satisfactorily, but injuries 
still As Case 1 
and amplified in Table 4, there is a great 


occur. demonstrated in 
frequency of vertebral fractures produced 
upon impact by the jackknife effect of the 
pilot over the seat belt, which acts as a 
fulcrum. Thus the decelerative force in a 
forward-facing seat is conducive to com- 
pression fractures of the vertebrae and in 


Injured 


Total 


Not Injured Fatal Major Total Bae 
No. % No. % No. % No. % oe 
122 1 
3 
6 
No. % No. % No. % No. % oe 
13 13 39 4.0 52 43 
2 0.7 2 0.7 
4 0.7 27 44 31 5.1 x 
13 10.3 13 10.3 
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addition fosters head and extremity injuries 
due to flailing. A recent study of 241 verte- 
bral fractures showed that 84% occurred 
between T-11 and L-4, and were major 
nonlethal injuries, and that all fractures 
of the cervical vertebrae were associated 
with death. Accidents involving severe de- 
celerative forces in which the seat and belt 
function properly are therefore associated 
with a greater incidence of head and ex- 
tremity injuries. Inasmuch as the aircraft 
is usually destroyed in accidents involving 
extreme deceleration, the structural limits 
of the restraining equipment are ordinarily 
exceeded and multiple traumatic lesions are 
the rule. Nevertheless the fact that over 
90% of the occupants were uninjured when 
their seat belt was used and functioned 
properly indicates the relatively high degree 
of protection afforded particularly in non- 
disintegrating type accidents. 

There is a distinct correlation between 
seat retention to the floor and the incidence 
of injury. During moderate deceleration 
where the seat was retained, the over-all 
total injuries were relatively few; however, 
during severe decelerative accidents the in- 
cidence of injury doubled when the occu- 
pant was dislodged. Upon extreme 
deceleration, injury was universally encoun- 
tered when the seat was dislodged. Thus 
during moderate decelerative accidents only 
1.4% of all occupants were injured, but 
during extreme decelerative accidents 96% 
sustained injury. This indicates that in 
nondisintegrating type accidents, survival is 
enhanced whenever the structural design of 
the seat and its moorings can withstand the 
forces encountered. Therefore it is not 
sufficient merely to recommend that the 
seats be rearward facing, but it is necessary 
that they also be adequately stressed. 

The most satisfactory evaluation of the 
various body positions is found in the sur- 
vivable accidents. The incidence of injury 
was greatest among standing occupants 
and lowest among those who faced the rear 
of the aircraft. The comparison between 
forward and rearward seating (Table 10) 
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is particularly valuable since the seat and 
seat belt functioned properly in these acci- 
dents. Under such circumstances, over 5% 
of the forward-facing occupants were in- 
jured, some fatally, and less than 1% of 
the rearward-facing occupants were injured, 
none fatally. Although not tabulated in 
Table 10, the position of the largest group 
of occupants (1118) was unknown, pri- 
marily owing to the fact that, since no 
injuries were incurred, no report as to body 
position was made (a review of aircraft 
type, however, indicates the great majority 
were probably seated sidewards). 

In the case of lethal and major nonfatal 
burns which were the sole injury, it is 
expected that rapid rescue and fire preven- 
tion could have prevented some of the 
burns. Also in the instances of hemorrhage, 
external and internal, it is also assumed 
that rapid medical rescue could have pre- 
vented death due to these injuries. 

It is readily apparent that, since the seats 
in transport aircraft do not have a high 
enough back, a major portion of the head 
in unprotected from hurled or intruding 
objects. If these seat backs were increased 
in height, one could expect the number of 
head injuries due to hurled or intruded 
objects to decrease. 


Summary and Conclusions 


A review of the major aircraft accident 
reports for the years 1953 and 1955 accu- 
mulated by the Directorate of Flight Safety 
Research, United States Air Force, was 
accomplished with particular reference to 
the occupant and his injuries, the cause of 
the injuries, and the role of protective 
equipment. A total of 8416 occupants were 
involved in major aircraft accidents, of 
whom 18.7% (1572) sustained lethal in- 
juries, 5.2% (439) sustained major non- 
fatal injuries, and 76.1% (6405) had minor 
or no injuries. The forces of deceleration 
were predominantly responsible for the in- 
juries, and in accidents classified as sur- 
vivable and in certain high impact accidents 
death was ordinarily due to localized 
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trauma, especially head injury, while the 
commonest forms of major nonlethal in- 
juries were vertebral fractures, head 
trauma, and injuries to the extremities. In 
accidents with impact forces exceeding the 
design limits of the aircraft, death was most 
frequently due to generalized trauma. 
Other causes of injuries included burns and 
hurled or intruding objects. The burns were 
usually localized and often could have been 
prevented by more rapid rescue, while 
many injuries from hurled or intruding ob- 
jects could have been prevented by a seat 
which affords more head protection in the 
form of a seat back with greater height. 
Evaluation of various items of protective 
equipment suggests that adequately stressed 
rearward-facing seats have a greater pro- 
tective role than forward-facing seats in 
the prevention of death and injury. Head 
injuries and vertebral fractures were less 
frequently encountered when the protective 
equipment functioned properly than when it 
failed. 


Aero- Medical 
Force Base. 


Safety Division, Norton Air 


Moseley et al. 


DEATH AND INJURY 
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Acute Oral Toxicity and Chemical and Physical 


Properties of Arsenic Trioxides 


Arsenic trioxide, or “white arsenic,” as 
it is commonly called, has been employed 
as a poison since the 17th century. There 
are records which relate tales of mixtures 
of “white arsenic’ and honey being used as 
ant bait. However, as a therapeutic agent, 
arsenic as the sulfuret was known to the 
Greeks as early as the fifth century before 
Christ. Hippocrates, the father of medi- 
cine, (460-377 B. C.) used this compound as 
a remedy for ulcers and similar disorders. 
In the eighth century an Arab alchemist 
Jabir ibn Hayyan obtained “white arsenic” 
by heating the yellow arsenic sulfuret. Be- 
fore “white arsenic” was known, most of 
the poisons recorded by early writers had 
something peculiar in regard to their taste, 
smell, or color. Arsenic trioxide put a new 
instrument into the of the 
poisoner who sought something powerful 
and tasteless for his evil designs. 


hands secret 


Since it was difficult to detect arsenic by 
chemical means available during that period, 
it became quite fashionable to do away with 
one’s enemies by poisoning with ‘white 
arsenic.” The symptoms which followed 
“white arsenic” intoxication were not likely 
to arouse suspicion, since quite often they 
resembled the symptoms of nephritis, neu- 
ritis, and general gastrointestinal upset. 
However, with the advent of sensitive chem- 
ical procedures for detecting arsenic, the 
incidence of intentional “white arsenic’’ poi- 
soning has greatly decreased in the 20th 
century. 


Received for publication Aug. 15, 1957. 
LaWall and Harrisson Research Laboratories. 
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Because commerical arsenical insecticides 
are expressed in equivalents of white ar- 
senic it is necessary to have complete knowl- 
edge of the 
physicochemical properties of arsenic tri- 
oxide. 


toxicity as well as_ the 
However, white arsenic differs with 
respect to purity. The arsenic trioxide as 
prescribed in the National Formulary must 
contain at least 99.5% AseO3; moreover 
this grade of white arsenic is referred to as 
“refined.” 


“Crude,” or commercial, arsenic 
trioxide which is usually incorporated in 
95% 


AsO. Therefore, the toxicity of so-called 


insecticides contains a minimum of 
arsenic trioxide may actually vary with 
Possibly this 
explains in part why the literature is quite 


impurities in the compound. 


contradictory with respect to the acute tox- 
icity of arsenic trioxide. Acute toxicity 
data, expressed in terms of LD5o cover a 
range of from 8 mg. arsenic trioxide! to 
500 mg. arsenic trioxide per kilogram.” 
These 
rats. One can clearly see that this great 


values were obtained in mice and 
variation might well mean the difference 
in the classification of some other insecticide 
as being either more or less toxic than 
white arsenic. 

Other variables which may affect the tox- 
icity of arsenic trioxide besides the impuri- 
ties, which it may contain, are solubility 
and particle size. Tucker * has shown that 
the toxicity of arsenicals to plants and ani- 
mals is directly related to the solubility of 
the compound. It has also been claimed that 
the finer the particle size of arsenic tri- 
oxide, the more toxic the preparation; in 
fact, Schwartze ? has shown that the acute 
oral LDs5_ of white arsenic in the rat may 
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TABLE 1.—Chemical Constituents Tas_e 2.—Particle Size and Distribution of the 
Two Samples of Arsenic Trioxide 


Crude Arsenic Trioxide * 


07.89) (Cale. as As — 74.2%) 
Sb 10 1.18% (Cale. as Sb — 0.98%) 


standpoint of physical properties and acute 
oral toxicity in rats and mice. In addi- 
tion, we have also studied the acute oral 
AsO. — 99.9904 toxicity of the pure arsenic trioxide in 


Si — 0.0001 , 
Cu — 000001 different strains of mice. 


Pure Arsenic Trioxide 


* All these impurities probably occur as oxides. 


Physical and Chemical Properties * 


vary between 75 and 500 mg. arsenic per Physical and chemical properties of ar- 
kilogram depending on the particle size. senic trioxide are shown in Tables 1 and 2. 

In view of the rather wide variations 
which have been reported in the literature 
with respect to the acute oral toxicity of 
arsenic trioxide, we have undertaken this 
study in an attempt to investigate several 
physicochemical and biological factors which 
might effect the acute oral toxicity of ar- 
sialic tritaide. i Pure arsenic trioxide, 05 gm., was dissolved in 
100 ml. distilled water with the use of heat. Upon 

With this in mind, we have obtained the cooling the volume was corrected, and subsequent 
purest sample of arsenic trioxide which - 
possible (99.999+ and also commercial of American eal 
or crude arsenic trioxide (97.79%). These 


Refining Company determined the physical and 
two samples havé been compared from the — chemical properties of the arsenic trioxides. 


Spectographic plates of each of the sam- 
ples of arsenic trioxide are presented in 
Figures 1 and 2. 


Preparation of Samples for 
Toxicity Tests 


Fig. 1—Sample high purity As2Os 
Sample run on large quartz Littrow spectrograph Excitation 4 
Ist spectrogram 2340 A. - 3000 A. 10 amp. Slit 25 
2d spectrogram 2580 A. - 3640 A 250 volts Time 30 seconds 
3d spectrogram 2980 A. - 5200 A. . D.C. Are 


Special high purity 46 in. cupped graphite electrodes 
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re 
Trioxide Trioxide 
Cu 589 0 
246-589 10.1 
Fe... 177-246 11.6 0 
-- 149-177 73 5.5 
Al .- 74-149 17.4 7.2 
ze -- 44-74 17.4 42.3 
§  -- 44 36.2 45 
Ca os 
F 
Te 
‘ 
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‘ 


Ist spectrogram 2340 A. - 3000 A. 
2d spectrogram 2580 A. - 3640 A. 
3d spectrogram 2980 A. - 5200 A. 


Special high purity 6 in. 


dilutions were prepared with distilled water. A 
clear solution was formed in each instance. 

The same procedure was followed with crude 
arsenic trioxide. A turbid solution was formed, 
which was probably due to the impurities present 
in the commercial sample. 

Volume of Solution Administered  Intra- 
esophageally.—Dilutions of the solutions were so 
prepared that each animal received 0.03 ml. per 
gram of body weight. A maximum volume of 1 
ml. was administered by intubation to mice, while 
no more than 8 ml. of solution was administered 
to rats via the oral feeding needle. 


Methods 


I. Acute Oral Toxicity: Mice—The acute oral 
toxicity of both the pure and the crude arsenic 
trioxides was determined in male, Webster, Swiss 
Albino mice of the Taconic Strain.t Weights of 
these animals ranged between 20 and 25 gm. 


In addition, the acute oral toxicity of the pure 
arsenic trioxide was determined in male, Webster, 
Swiss Albino mice, Taconic Strain + which weighed 
between 35 and 40 gm., and also in the following 
mouse strains (males), (males), 
and CsH (males). All of these mice weighed be- 
tween 17 and 20 gm. 

Administration of the “solutions” of the sample 
to mice previously fasted for 24 hours was made 
intraesophageally with the aid of an oral feeding 
needle. All animals were observed for a two- 
week period and those animals which died were 
examined as soon after death as possible. 


+ Taconic Farms, Inc., Germantown, N. Y. 
t Roscoe B. Jackson Memorial Laboratory, Bar 
Harbor, Me. 
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Fig. 2.—Sample crude Tacoma As:Os 
Sample run on large quartz Littrow spectrograph 
A 


8 


Excitation 
10 amp. Slit 25y 
250 volts Time 30 seconds 
Ate 


cupped graphite electrodes 


II. Acute Oral Toxicity: Rats—The acute oral 
toxicity of both the pure and crude arsenic tri- 
oxides was determined in male and female, Sprague 
Dawley Albino rats, weighing between 125 and 200 
gm. In one experiment the “solutions” of the 
samples were administered intraesophageally via 
feeding needles to previously fasted rats. Obser- 
vations were made over a two week period. 
Autopsies were performed on each rat which died. 

A second experiment was then carried out in 
which the pure dry or the dry crude arsenic tri- 
oxide was incorporated into 3 gm. of rat Purina 
chow which had been previously ground. When 
this mixture was fed to rats previously fasted 
for 24 hours the animals consumed the entire 
test meal within 1 hour. These animals were 
observed for two weeks, and autopsies were per- 
formed on animals which died. 

The LD» (based on number of deaths at 96 
hours) was calculated according to the method 
described by E. J. de Beer (J. Pharmacol. & 
Exper. Therap. 85:1, 1945). 


Results 


I, Acute Oral Toxicity: Mice.—The LDso 
of crude arsenic trioxide in young Webster, 
Swiss mice was approximately 42.9 mg. 
arsenic per kilogram body weight while the 
LDso of pure arsenic trioxide in the young 
Webster, Swiss mouse was approximately 
39.4 mg. arsenic per kilogram. Detailed 
data of this LDs9 test are presented in 
Tables 3 and 4. All deaths occurred within 
three days after administration of the sam- 
ples. Severe convulsions and retching were 
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TaBLE 3.—Acute Oral Toxicity—Crude Arsenic 
Trioxide * 
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Taste 4.—Acute Oral Toxicity—Pure Arsenic 
Trioxide * 


Young Swiss Albino Mice (Male) 20-25 Gm. 
No. Deaths/No. Animals 


* LDso = 42.9 mg. As/kg. + 2.1 mg. at 96 hours 


TABLE 5.—Strain Response to “Pure Arsenic 
Trioxide” 


Mg. Arsenic/kg. 


Mouse Strain 


“Young"’ Webster Swiss (20-25 39.4 
“Old"’ Webster, Swiss (35-40 gm.)_....._..... 47.6 


wae data of these tests are presented in Tables 6, 7, 8, 


observed in mice receiving the commercial 
arsenic, while those receiving the pure ma- 
terial showed some signs of discomfort but 
far less than the other group. Those ani- 
mals receiving crude arsenic trioxide ex- 
hibited marked hemorrhage of the stomach 
and intestines, while those mice which died 
after receiving the pure arsenic trioxide 
exhibited slight reddening of the gastric 
mucosa, but no clear-cut or extensive hem- 
orrhage. 

Responses of the other strains of mice 
to the acute oral toxic effects of pure ar- 
senic trioxide were as shown in Table 5. 

II. Acute Oral Toxicity: Rats —The 
LDs5o of crude arsenic trioxide in the albino 
rat when administered in “solution” by in- 
tubation is approximately 23.6 mg. of arsen- 
ic per kilogram body weight, while the 
LDso9 of pure arsenic trioxide under the 


TasB_eE 7.—Acute Oral Toxicity—Pure Arsenic 
Trioxide * 


Young Swiss Albino Mice (Male) 20-25 Gm. 
No. Deaths/No. Animals 
48 Hr. 96 Hr. 


Dose 
Mg. As./Kg. 24 Hr. 


* LD 4. = 39.4 mg. As/kg. + 4.7 mg. at 96 hours 


Taste 6.—Acute Oral Toxicity—Pure Arsenic 
Trioxide * 


“Old” Swiss Albino Mice (Male) 35-40 Gm. 
No. Deaths/No. Animals 


Mg. As./Ke 24 Hr. 48 Hr. 96 Hr. 
31.6 0/10 1/0 1/10 
50.1 4/10 4/10 4/10 


* LDs» = 47.6 mg. As/kg. + 3.3 mg. at 96 hours 


same conditions is approximately 15.1 mg. 
arsenic per kilogram. Detailed data of this 
LDso study are presented in Tables 10 and 
11. Upon autopsy, the same general pic- 


TaBLeE 8—Acute Oral Toxicity—Pure Arsenic 
Trioxide * 


Dba + Mice (Male) 17-20 Gm. 
No. Deaths/No. Animals 


Dose — 
Mg. As./Kg. 24 Hr. 


48 Hr. 96 Hr. 
19.9 0/10 0/10 0/10 
25.1 0/10 1/10 1/10 
31.6 3/10 4/10 4/10 
50.1 8/10 10/10 10/10 


* LDso = 32.4 mg. As/kg. + 2.3 mg. at 96 hours 


ture was observed as previously described 
in the mouse study. Gastrointestinal dam- 
age was marked following administration of 
the crude material, while the pure arsenic 
trioxide produced little or no damage to the 
stomach or intestines. The rats receiving 


TaBLe 9.—Acute Oral Toxicity—Pure Arsenic 
Trioxide * 


C «1H Mice (Male) 
No. Deaths/No. Animals 


Dose 
Mg. As./Kg. 24 Hr. 48 Hr. 96 Hr. 


Mice (Male) 
No. Deaths/No. 

48 Hr. 
0/10 


Dose — 
Mg. As./Kg. 24 Hr. 


3/10 3/10 3/10 
25.1 6/10 6/10 6/10 
6 7 10/10 10/10 


* LD .o = 25.8 mg. As/kg. + 1.8 mg. at 96 hours 
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* LDeo = 25.8 mg. As/kg. + 1.8 mg. at 96 hours 


aon om = 
Mg. As./Kg. 24 Hr. 48 Hr. 96 Hr. ae 

25.1 0/20 0/20 0/20 10.4 0/20 0/20 0/20 : 
31.6 1/20 2/20 2/20 19.9 3/20 4/20 4/20 i ae 
39.8 7/20 7/20 7/0 31.6 7/20 8/20 8/20 is 
50.1 9/20 11/20 11/20 39.8 8/20 9/20 9/20 Se 
63.1 18/20 18/20 20/20 50.1 14/20 14/20 14/20 ees 
79.4 20/20 
Dose 
79.4 10/10 10/10 10/10 
4 
—= 
96 Hr. 
19.9 0/10 0/10 0/10 19.9 0/10 3 
22.3 3/10 3/10 3/10 ms 
25.1 6/10 6/10 6/10 a 
31.6 7/10 10/10 10/10 os 
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TaB_e 11.—Acute Oral Toxicity—Pure Arsenic 


Trioxide * 


Albino Rat—Intubation (Male) 
No. Deaths/No. Animals 


Albino Rat—Intubation (Male) 
No. Deaths/No. Animals 


Dose 
Mg. As./Kg. 


10 / 
20 17/30 


30 
40 
50 


* LDco = 23.6 mg. As/kg. + 1.4 mg. at 96 hours 


crude arsenic trioxide also exhibited a pro- 
nounced degree of retching, which was not 
evident in those animals receiving the puré 
material. 

There was no significant difference in 
response of males and females. 

When either of the two samples of ar- 
senic trioxide in dry form were incorpor- 
ated into the food, the acute oral toxicity 
was greatly reduced. The LD; of crude 


TaBLe 12.—Acute Oral Toxicity—Crude Arsenic 
Trioxide * 


Albino Rats—Dry Feeding (Male) 
No. Deaths/No. Animals 


Dose 

Mg. As./Kg. 24 Hr 48 Hr. 96 Hr 
124 0/20 0/20 0/20 
143.6 0/20 2/20 2/20 
166.2 2/20 2/20 2/20 
190 6/20 6/20 6/20 
227 8/20 /20 8/20 
247 13/20 14/20 14/20 
274 18/20 18/20 20/20 


* LDso = 214 mg. As/kg. + 8.4 mg. at 96 hours 


arsenic trioxide when fed as part of the 
food (dry) is approximately 214 mg. arsen- 
ic per kilogram body weight, while the 
LD; of the pure material under the same 
conditions is approximately 145.2 mg. ar- 
senic per kilogram. Observations made at 


Taste 13—Acute Oral Toxicity—Pure Arsenic 
Trioxide * 


Albino Rats—Dry Feeding (Male 


No. Deaths/No. Animals 


Mg. As./Kg. 24 Hr 48 Hr 96 Hr 
30.1 0/20 0/20 0/20 
91.0 2/20 2/20 2/20 
128.1 6/20 6/20 6/20 
180.9 10/20 12/20 12/20 
207.8 18/20 18/20 18/20 
269.0 20/20 20/20 20/20 
338.0 20/20 20/20 20/20 


* LDso = 145.2 mg. As/kg. + 8.7 mg. at96hours 


* LD: = 15.1 mg. As/kg. + 1.8 mg. at 96 hours 


autopsy were similar to those already de- 
scribed in the mouse and rat data afore- 
mentioned. There was no significant 
difference in response of males and females. 

Detailed data of these LDs59 tests are 
presented in Tables 12 and 13. 


Comment 

We have investigated some of the vari- 
ables which have arisen over the years with 
regard to the acute oral toxicity of arsenic 
trioxide or white arsenic. It has been our 
experience that acute oral toxicity may dif- 
fer according to the age and weight of the 
animal employed. We have found that 
Swiss Albino mice become more resistant to 
arsenic trioxide with increased age and 
weight ; this is in direct contradiction to the 
work of Hammett and Nowrey,' who found 
rats to be less resistant to arsenic with 
increased age. 

There seems to be only little difference 
in the toxic response of different mouse 
It would, there- 
fore, appear that the mouse is an ideal ani- 
mal to employ in toxicity studies of arsenic 
compounds, since the response seems to be 
characteristic of the species. The wide varia- 
tion in previously reported data in the rab- 


strains to arsenic trioxide. 


bit, rat, and dog* may have been due to 
strain variation of each of these species. 
We contemplate investigating this possibil- 
ity. 

White arsenic has long been described ® 
as a severe gastrointestinal irritant. It ap- 
pears that high purity arsenic trioxide is 
less irritant than the crude or commercial 
sample tested. 
plained on the 


This possibly can be ex- 


the 
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basis of impurities 
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= Mg. As./Kg. 24 Hr. 48 Hr. 96 Hr. P| 24 Hr. 48 Hr. 96 Hr. 
Ee 10 0/20 0/20 0/20 6/30 9/30 
- 20 3/20 4/20 4/20 20/30 20/30 
25 10/20 10/20 10/20 20/ 25/30 27/30 
"a8 30 15/20 17/20 17/20 26/30 28/30 28/30 
4 5 35 19/20 20/20 20/20 28/30 30/30 30/30 
| 
—$—$$ $ 
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which are present in the crude arsenic tri- 
oxide. For example, the antimony which 
is present as an impurity may actually be 
more of a gastrointestinal irritant than the 
arsenic trioxide itself. The presence of im- 
purities, regardless of the concentration, 
may also alter absorption; thus, nothwith- 
standing the small difference in arsenic con- 
tent, the crude arsenic trioxide appears to 
be less toxic than the highly purified ma- 
terial. 

Particle size distribution of the two sam- 
ples of arsenic trioxide indicated that the 
pure arsenic trioxide contained many more 
large particles than the crude white arsen- 
ic, yet when fed in dry form the pure 
arsenic trioxide maintains its position of be- 
ing relatively more toxic. This appears to 
be contradictory to Schwartze’s? observa- 
tions that the toxicity of arsenic trioxide is 
inversely proportional to the particle size ; 
however, once again we must take into 
consideration the presence of impurities 
which may vary considerably in identity and 
concentration in the crude arsenic trioxide, 
since they might overshadow the effect of 
particle size. On the other hand, we have 
substantiated Schwartze’s work in our ob- 
servation that solutions of the arsenic tri- 
oxide are many more times as toxic as the 
dry powder. 

However, we are aware that the incor- 
poration and administration of dry arsenic 
trioxide with food presents a different pic- 
ture with respect to absorption and/or tox- 
icity than does the administration of a 
solution of arsenic trioxide. Thus, in fu- 


Harrisson et al. 


ture investigations we contemplate study- 
ing the effects of various “foods,” i. e., 
protein, carbohydate, and fat upon the tox- 
icity of dry arsenic trioxide when the latter 
compound is incorporated in the food. 

In addition to the “old stand-by” variables 
of particle size, and age or weight or strain 
difference among animals, the important 
variable of chemical purity plays a role in 
the controversy over the toxicity of arsenic 
trioxide. Much of the early work may have 
been performed on commercial arsenic tri- 
oxide, which contains a minimum of 95% 
As2Ox, and that unknown 5% or less may 
actually be the difference in the wide range 
of data which has been reported. There- 
fore, when future toxicity information on 
arsenic trioxide or other arsenicals is pub- 
lished, it would be well if the complete 
chemical composition of the material were 
presented. 


1921 Walnut St. (3). 
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Their Toxicity 


The hypothesis that the toxicity of chemi- 
cals can be related to their chemical or 
physical properties is an attractive, although 
seemingly remote, one. Such speculations 
have occupied the attention of both tox- 
icologists and chemists. Though too often of 
limited application, such relationships be- 
tween the toxic and other properties of 
chemicals should be searched for since they 
serve to stimulate interest in the funda- 
mental problems of toxic action. This latter 
viewpoint prompts us to report these ob- 
servations in which the chemical activity 
(reducing power) of the boranes can be 
correlated with their physiological activity 
(toxicity) even though the observations 
have been limited by the small number of 
compounds available for study. 

While the applicability of phosphomolyb- 
dic acid as a reagent for the analysis of 
boranes was being investigated,’ it was 
noted that the final depth of the color at- 
tained was dependent on the borane em- 
ployed. Two rather distinct types of reaction 
were observed. A review of these results 
revealed that the phosphomolybdie acid had 
separated the boranes into essentially the 
same two groups as had been previously 
reported,? in respect to the relative toxicity 
of the boranes to small laboratory animals. 
It appeared that some correlation existed 
between the toxicity of the boranes and 
Received for publication July 31, 1957. 
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their reaction with phosphomolybdic acid. 
However, because the analytical data were 
not strictly comparable, it was decided to 
react these boranes with phosphomolybdic 
acid under conditions as nearly identical as 
possible. 

Four boranes were covered in _ this 
study: dimethylamine-borane [DMAB] 
[(CHs)2NH-BHs], pyridine-borane [PB] 
[CsHsN-BHs], trimethylamine - borane 
| TMAB] [(CHs3)3N-BHs], and decaborane 
[DECA] | BioHis]. The di- and trimethyl- 
amine-boranes were dissolved in water. The 
pyridine-borane was dissolved in propylene 
glycol (10 ml.), while 10 ml. of a 1:1, 
ethanol:triethanolamine mixture re- 
quired to get the decarborane into solution. 
From each of the above, 250 ml. aqueous 
stock solutions containing 200ug. of boron 
per milliliter were prepared, and dilutions 
from these were employed for the actual 
tests. For the tests, 1 ml. of the various 
borane dilutions was mixed with 9 ml. of 
phosphomolybdic acid solution.* The color 
intensity was read on a Coleman Jr. Spec- 
trophotometer at a wavelength of 670 mu, 
using a water blank. Accurate timing was 
observed. Although the temperature of the 
laboratory was not controlled, it varied only 
between 25 and 26 C. The results obtained 
are shown in Figure 1, which represents 
the values obtained 30 minutes after mixing. 
This time interval, though somewhat arbi- 
trary, was selected for the following reason. 
The greatest color depth for dimethylamine- 


* Folin and Wu as modified by Andes and 
Northup, Fisher Scientific Co., Catalog No. 
So-A-114. 

+ Initially, reagent blanks were used. However, 
since these gave essentially 100% transmittance, 
they were subsequently omitted. 
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Fig. 1—Thirty-minute PMA test curve. 


the first material studied, was 
reached about 30 minutes after mixing of 
the solutions with the phosphomolybdic acid 
reagent. This must represent the point of 
its greatest chemical activity, and it ap- 
peared logical to select an interval when 
the reaction was at its height and not after 
the crest had passed. The other boranes 
were compared to the dimethylamine-borane. 
It is readily seen (Fig. 1) that the four 
boranes fall into two distinct groups, one 
with a marked response to the phosphomo- 
lybdic acid reagent and the other with a 
considerably lessened response, This group- 
ing corresponds to that found previously * 
on the basis of animal LD5o values. The 
LDso values, obtained by the intraperitoneal 
injection of rats, are noted on the margin 
of the graph (in milligrams of boron per 
kilogram of body weight) beneath the sym- 
bols for the compounds. This correlation 
of chemical activity and toxicity is very 
striking and is not restricted to the se- 
lected time interval of 30 minutes, since the 


borane, 


same division into two groups persisted 
throughout a period of 300 minutes over 
which the color development was observed. 
Interestingly, the activities of trimethyl- 
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PER CENT TRANSMITTANCE 


2 


Fig. 2.—One-hundred-eighty-minute PMA test 
curve. 


amine-borane and decaborane approach each 
other very closely after 120 minutes and 
afterwards even change positions (Fig. 2). 
No explanation can be given at this time for 
this phenomenon, nor can its significance, 
if any, be gauged. As a sheer conjecture, 
it may involve the gradual conversion of 
dissolved decarborane to a chemically more 
active form, such as the hypoborate. On 
the other hand, it might be related to the 
observed persistent and insidious toxic quali- 
ties of decaborane in the animal body. 

The influence of the solvent used on the 
depth ot the phosphomolybdic acid color 
has been discussed elsewhere.! It was 
shown that in glacial acetic acid decaborane 
does not produce any color at all because it 
exists in an unaltered form. It must be con- 
verted to a reducing form before any color 
is obtained. This immediately suggests that 
the nature of the solvent has an effect on 
the phosphomolybdic acid color. This will 
be discussed in more detail below. 


The real test for any hypothesis is, of 
course, its reliability in predicting facts 
other than those from which it was de- 


veloped. Unfortunately, the confirmatory 
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evidence to support the hypothesis is limited, 
but it is consistent with the basic premise. 
Triethylamine-decaborane [TED] 
being available, was 
subjected to the regular phosphomolybdic 
acid test. It gave a color of the same order 
of magnitude as decaborane. Consequently, 
its toxicity should be rather close to that 
of decaborane or, at least, it should be 
grouped with the less toxic boranes. This 
appears to be the case. The amount of avail- 
able material was insufficient to specify the 
LDs5o with great precision, but in rats the in- 
traperitoneal dose was estimated to be 
around 30 mg. of B per kg. of body weight. 
This would indicate that the compound is 
somewhat less toxic than decaborane, thus 
agreeing with the chemical test results. 
We also had access to a rat intraperitoneal 
toxicity figure on sodium borohydride 
| NaBH,].* Owing to difficulties in the 
handling of this borohydride, the value, ex- 
pressed as an approximate lethal dose, is 
not too precise. Recalculation of this num- 
ber on the basis of its boron content re- 
sulted in a value of about 5 mg. of B per 
kg. Again this was in agreement, at least 
grossly, with the results obtained by the 
phosphomolybdic acid test with sodium 
borohydride.t| The chemical test had placed 
the compound in the group of more toxic 
materials. On the basis of the animal tests, 
sodium borohydride appears to be even 
more toxic than pyridine-borane, whereas 
the phosphomolybdic acid test makes it ap- 
pear to be somewhat less toxic. This differ- 
ence might be attributed to the multiple 
effect that sodium borohydride has on the 
animal body. It not only has a reducing 
potency, but it also yields NaOH on hy- 
drolysis and is known to cause severe le- 
sions, as well as thermal injury, when 
applied to Further, gas 
embolism, which must be ascribed to the 
rapidity with which hydrogen is evolved 
when sodium borohydride is contacted with 
water, has also been observed in some ani- 


moist tissues. 


mals. Thus, this multiple injury caused by 
sodium borohydride would not be fully re- 
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Fig. 3.—Fifteen-minute PMA test curve for 
sodium borohydride. Thirty-minute PMA test 


curve for triethylamine-decaborane. 


flected in the phosphomolybdic acid test. 
Figure 3 shows the results obtained for so- 
dium borohydride and _triethylamine-deca- 
borane with the phosphomolybdic acid test. 
These two compounds fall into the respec- 
tive groups to which they would have been 
assigned on the basis of their actual toxici- 
ties to rats. 

Reference has been made to the probable 
influence of the solvents, used for bringing 
the boranes into solution, on the depth of 
the phosphomolybdic acid color. To investi- 
gate the magnitude of this effect, tests were 
made with decaborane and_triethylamine- 
decaborane in three 
ethanol-triethanolamine, 


solutions: 
propylene — glycol, 
and sodium hydroxide. The details of these 
tests were similar to the ones previously 
mentioned, except for the different solvents 
which were employed. While numerical 
differences were found, they were quite 
small and did not alter the relative position 
of the compounds on the graphs (Fig. 4). 
It should be noted that these latter curves 
are drawn on single-cycle semilogarithmic 


aqueous 


paper while the preceding figures were 


t These solvents did not, of themselves, reduce 
phosphomolybdic acid. 
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Fig. 4.—Comparison of PMA color values for 
decaborane and triethylamine-decaborane in three 
solvents. 


drawn on two-cycle semilogarithmic paper. 
This was done in order to achieve a sepa- 
ration of the six curves shown in Figure 4. 

Such solvent influences are not extraor- 
dinary and are no greater than those 
encountered in animal testing, where it is 
often impossible to use the same solvent 
for all chemicals. This is particularly true 
for water-reactive compounds such as the 
boranes, and more specifically for sodium 
borohydride, which decomposes fairly vio- 
lently in water unless sodium hydroxide is 
present initially. While it was possible to 
employ NaOH in performing the phospho- 
molybdic acid test (about 0.5 normal NaOH 
was used), this obviously was not feasible 
in the animal tests. 

This correlation between the rate of re- 
action of the boranes with phosphomolyb- 
dic acid and their toxicity to small animals 
divides the boranes into two distinct groups. 
In addition to their different toxicities, an- 
other feature distinguishes these two groups. 
After the injection of di- 
methylamine-borane (one of the more re- 


intravenous 


active compounds) into a dog, the excess 
boron recovered in the urine almost quanti- 
tatively accounts for the administered bo- 
No such urinary boron 
appears following the injection of deca- 
borane, which is less reactive.6 This dif- 
ference in the manner in which these 
materials are handled by the body is also 
consistent with the differences observed in 
the phosphomolybdic acid test. 


rane, excess 
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Comment 


The boranes are considerably more toxic 
than their parent compounds, boric acid 
or borax.* These latter materials contain 
boron-oxygen bonds which are changed to 
boron-hydrogen bonds in the boranes. This 
hydrogenation, which makes the poranes po- 
tent reducing agents, also makes them more 
toxic. Consequently, since the two changes 
occur simultaneously, it is not unreasonable 
that the reducing power would reflect the 
toxicity. 

This is borne out by the nature of the 
reaction of the boranes with phosphomolyb- 
dic acid reagent, which measures reducing 
power. This color test arranges the boranes 
into two distinct groups in much the same 
manner as they can be arranged on the 
basis of their animal LDs5o values. Such a 
simple correlation would appear reasonable 
if the rate-determining step in the toxic re- 
action of the boranes was an interference 
with the oxidation-reduction mechanisms of 
the body. However, if toxicity factors other 
than those related to the reducing power in- 
tervene, then this latter reaction is no 
longer rate determining and the correlation 
of reducing power and toxicity is less valid. 
This was found to occur with sodium boro- 
hydride. 

Conversely, the failure to react with phos- 
phomolybdic acid should not be interpreted 
as indicative of no toxicity. A notable il- 
lustration of this is diborane (BoHg). This 
compound is highly hydrogenated and toxic 
but, since it is also easily hydrolyzed, it is 
not expected to react with phosphomolybdic 
acid quantitatively. Similarly, borax and 
boric acid are toxic (though considerably 
less so) but do not react with phospho- 
molybdie acid. 

This method should be applied to other 
boranes to observe the extent of this cor- 
relation, The occurrence of these two 
clearly defined groups may be a reflection 
of two distinct orders of toxicity. However, 
the possibility exists that they may repre- 
sent two points of a spectrum and that ad- 
ditional compounds, intermediate in toxicity 
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as well as intermediate in their reaction with 
phosphomolybdiec acid, will be found. 

It can be that 
homologous series, similar correlations could 


suggested in other 


be observed if the appropriate chemical de- 
nominator were selected as, for instance, a 


measure of the oxidizing power if a group 


of chemicals were endowed with this char- 


acteristic. 
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Introduction 


Interest in the health aspects of high 
polymers has increased during the past 10 
years with the rapid development of chemi- 
cal technology in the high polymer field. 
Cranch reviewed the toxicity of the newer 
plastics in 1946, and Mallette in 1952 re- 
ported on the toxicity and skin effects of 
accelerators, activators, antioxidants, and 
plasticizers. Harris (1953) reviewed the 
health problems in manufacture and use of 
plastics in Britain, and Wilson (1954) has 
recently summarized the toxicology of 
plastics in rubber. None of these authors 
has reported on the toxicology of epoxy 
resins; Wilson pointed out that little is 
known about them. In this paper we will 
report on the toxicology of some typical 
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The Shell Chemical Corporation became 
marketers of this new class of polymers 
under the trade name of EPON resins. 
Epoxy resins are currently marketed by a 
number of manufacturers and distributors 
under a variety of trade names. They are 
used as surface coatings, such as appliance 
primers, and when corrosion resistance is 
required ; in castings and pottings for tool- 
ing and encapsulating electronic circuits; as 
adhesives, especially in metal-to-metal bond- 
ing; as textile-treating agents to improve 
wearability and crease-resistance; and in 
laminating, especially for structural uses 
in aircraft. 

The structure of the aromatic type of 
epoxy resin is ideally represented by For- 
mula 1, 


CHs 


CHs 


Formula 1 


epoxy resins, and the observations made on 
a group of workers in a research laboratory 
who have been handling these compounds. 
A subsequent report will review the indus- 
trial hygiene aspects and safe handling of 
the epoxy resins. 

Development of the epoxy resins in com- 
mercial application resulted from  inde- 
pendent research by the Ciba Company, 
Inc., in Switzerland, and the Devoe and 
Raynolds Company in the United States. 
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There are n+2 reactive groups in each 
molecule. In the idealized formula above, 
there are three such groups, two epoxy 
groups, and one secondary hydroxyl group. 
It is the epoxy group from which the 
generic name of these resins is derived. 
Commercial resins are usually mixtures of 
polymers wherein n varies between 0 and 
10. In the liquid resins, which are of the 
lowest molecular weight, » is 0 for most of 
the molecules. 

For toxicologic as well as technical pur- 
poses, we should distinguish between cured 
and uncured epoxy compositions. Unre- 
acted epoxy resins have limited utility. The 
properties which make them useful are ob- 
tained by chemical reaction with curing 
agents which convert them into mechanically 
strong polymers. Both hydroxyl and epoxy 
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groups are involved in cure systems. The 
epoxy groups are usually cured by reaction 
with amino, carboxyl or hydroxyl groups, 
and inorganic acids to give the secondary 
hydroxyl groups and a bond from the re- 
maining epoxy carbon atom to the nucleus 
of the donor. Amines are one of the most 
important types of curing agents. An ex- 
ample of the chemical reaction which oc- 
curs with primary amines is represented in 
Formula 2. 
OH 
RNHo-+ 
Formula 2 

In addition to amines, acid anhydrides, 
dibasic acids, and other resins, including 
amino formaldehyde, urea formaldehyde, 
polyamides, and melanamine formaldehyde, 
are typical commercial curing agents at- 
tacking the hydroxyl groups as well as the 
epoxy groups. 

In this study we have paid most atten- 
tion to the uncured resins, because they 
contain the basic nuclei which appear in 
all of the cured types of resin, because the 
end-product of curing is not only chemically 
indeterminate but varies in composition ac- 
cording to the curing agent, and because 
we felt that any toxicity which might be 


present would reside in this molecule 
rather than in the cured resin. However, 
we have included some work on cured 


resins, adducts, and curing agents. 

Two general types of uncured epoxy 
resin have been studied. The simplest is 
an aliphatic condensate in which glycerin 
has replaced the bisphenol. It is obtained by 
the reaction of glycerin and epichlorohydrin, 
and may be represented as glycidyl-O-R-O- 
glycidyl, where R consists of aliphatic radi- 
cals with an average molecular weight of 
about 100. The total molecular weight aver- 
ages about 300. Such a resin is designated 
“EPON 562” by the Shell Chemical Cor- 
poration. 

The second type contains aromatic nuclei. 
Five of these resins are condensates of 
epichlorohydrin with 2,2-bis(4-hydroxy- 
phenyl)propane, and are representative of 
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TABLE 1.—Some Physical Characteristics of 
EPON Resins 


Average Epoxide 

Resin Type mene Molecular Equivalent * 
Point Weight 

EPON 562 Liquid 300 140-165 
EPON 815 Liquid 330 175-205 
EPON 820 Liquid 345 185-205 
EPON 828 Liquid 350 185-205 
EPON 1001 64-76 900 425-550 
EPON 1007 127-133 2900 1900-2450 


* Grams of resin containing one gram-equivalent of epoxide. 


the commercial type of resin. Two of these 
resins, EPON 815 and EPON 820, contain 
an epoxide of low molecular weight to re- 
duce their viscosity. A sixth resin was a 
condensate with resorcinol. These compounds 
differ in degree of polymerization, and 
range in molecular weight from about 222 
for the diglycidyl ether of resorcinol to 
about 2900 for EPON 1007. Certain phys- 
ical properties of these resins are listed in 
Table 1. 

In appraising the toxicity of the com- 
pounds, one or more of the following studies 
were carried out: 

1. Acute intragastric 
administration to rats, mice, and rabbits; 
single intraperitoneal injection of rats and 


Toxicity.—Single 


mice; single cutaneous application to albino 
rabbits; single eight-hour exposure of rats. 

2. Chronic Toxicity.—Repeated seven- 
hour vapor exposure of rats; 26-week and 
6-week feeding of rats. 

3. Irritation.—Single application to the 
skin and eyes of rabbits; repeated applica- 
tion to the skin of rabbits. 

4. Sensitization.—Prophetic patch test of 
fabrics impregnated with cured resins, us- 
ing human volunteers. 


Experimental Method 


The toxicity tests were conducted according to 
the methods described in earlier publications ( Hine, 
Anderson, Kodama, et al., 1953, 1954, 1956). The 
irritation tests were conducted according to our 
modification of the method of Draize (1955), and 
the patch test on human volunteers was conducted 
according to the method of Schwartz (1941) as 
currently recommended by the Association of Tex- 
tile Chemists and Colorists. 
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TABLE 2.— 


Acute Toxicity 7 Uncured Resins and Curing Agents for Mice, 


Rats, and Rabbits 


LD se (Gm/Kg.) 


Intragastric 


Intraperitoneal 


Compound 


Rat 


Uneured Resins 


Mouse 


Rabbit Rat Mouse 


EPON 562 5.00 1.87 4.01 0.380 0.303 
(4.00-6.25) (1.49-2.34) (2.54-6.34) (0.296-0.490) (0. 
EPON 815 9.00 07 
(6.1-13.2) — (ly 
EPON 820 13.6 40 
(10.7-17.0) (1,08-1.82) (1.36-2.40) 
EPON 828 11.4 15.6 19.8 2.40 4.0 
(10.0-13.7) (12.4-19.5) (1.33-3.58) (2.88-5.56) 
EPON 1001 30 20 2. 


EPON 1007 


(1.32-3.58) 
Diglycidyl 2.57 0.98 1.24 0.178 0.243 
(2.20-3.00) (0.79-1.29) (0.88-2.49) (0. 241) (0.183-0.324) 
Curing Agents 
DTA (diethylenetriamine) 7 
N (hydroxyethyl) DTA 4.63 
(3.12-6.85) (0.090-0. 0.236) (0. 173-0304) 
N (cyanoethyl) DTA 4.55 0.261 0.222 
(3.07-6.83) (0.141-0.482) (0.168-0.294) 
1,3-Diaminocyclohexane 0.39 0.543 
(0. 63) 


Materials 
The materials tested fell into five general classi- 
fications : 
EPON resins 562, 815, 820, 
and DGR (diglycidyl res- 


Uncured resins: 
828, 1001, and 1007, 
orcinol ). 

2. Partially cured resins: adducts of EPON 828 
with DTA (diethylenetriamine), and DTA plus 
phenol; stripped polymers (excess amine removed) 
of EPON 828 with DTA and with m-phenylenedia- 
mine; and an adduct of EPON 834 with DTA and 
AGE (allyl glycidyl ether). 

EPON 828 cured with three 
different amine complexes; and 1001 cured with 
DTA and with a polyamide. 

4. Curing agents: DTA, N (cyanoethyl) diethyl- 
enetriamine, N (hydroxyethyl) diethylenetriamine, 
hexahydrophthalic anhydride, succinic 
anhydride, boron trifluoride ethylamine complex, 
p,p’-diaminodicyclohexylmethane, 1,3-bis-aminoethyl- 
amino) -2-propanol, and 1,3-diaminocyclohexane. 

5. Fabrics: wool, cotton, and rayon, 
cured EPON resins 828 and 562. 


3. Cured resins: 


dodeceny] 


treated with 


All of these materials were supplied by the 
Shell Development Company. 
Acute Toxicity 
The compounds tested are listed in Table 2. 


Single administrations were given to male rats 
(110-150 gm.) of the Long-Evans strain, male mice 
(16-22 gm.) of the Webster strain, and male albino 
rabbits (2.0 to 3.2 kg.). The animals were ob- 
served for the following 10 days, and those that 
died were subjected to necropsy. At the end of 


the observation period, the survivors were killed 


Hine et al. 


for necropsy, and sections of their tissues were 
preserved in 10% formalin for histologic examina- 
tion. LDso values were calculated according to the 
method of Litchfield and Wilcoxon (1948) or the 
method of Weil (1952). 

Resins —The seven uncured resins were given 
intragastrically to rats and mice and intraperi- 
toneally to rats. All except 1001 and 1007 were 
also given intraperitoneally to mice, and 562, 828, 
and DGR intragastrically to rabbits as well. Be- 
cause of the high viscosity of EPON 828, it was 
diluted to 95% with acetone. The other liquids 
were diluted with propylene glycol where necessary 
for ease of administration. The solid resins 
(EPON 1001 and 1007) were powdered by grinding 
in a ball mill, screened through a 100-mesh sieve, 
and suspended in 2% aqueous methylcellulose gel. 
Because of the large volume of the highest intra- 
gastric dose for rats, the suspension was given in 
two aliquots, three hours apart, to fasted animals. 

Since it appeared possible that EPON 562 might 
be absorbed through the skin, 12 gm/kg. was 
applied to the clipped backs rabbits under a 
rubber The rabbits were wrapped in 
toweling for several hours, then released, examined, 
and returned to their cages for further observa- 
tion. 


sleeve. 


The effect of inhalation of the two most fluid 
resins, EPON 562 and DGR, was tested on rats and 
mice by an eight-hour exposure. Air was saturated 
with EPON 562 at 20+2C and at 30+1C, and with 
DGR at 30+1C, by passage through the liquids 
in two fritted glass bubblers connected in series. 
Agents—DTA and its N (cyanoethyl) 
and N (hydroxyethyl) derivatives were given intra- 
gastrically to and both intragastrically and 


Curing 


rats, 
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TABLE 3.—Results of Twenty-Six-Week Feeding of Uncured Resins to Rats 


Organ/Body Weight Ratios 


EPON % Fed Mortality Significant Weight 
Ratio Liver Kidney Lesions Gain 
0.04 0/10 0 a 0 0 
562 0.2 1/10 0 0 0 0 
1.0 0/10 + 0 
0.2 0/10 0 a 0 0 
828 1.0 0/10 0 — 0 oa 
5.0 10/10 
0.2 1/10 0 
1001 1.0 0/10 0 
5.0 0/10 0 
0.2 1/10 0 
1007 1.0 0/10 0 
5.0 0/10 0 


+ = significantly greater than control. 
— = significantly less than control. 
0 = not significantly different from control. 


intraperitoneally to mice. 1,3-Diaminocyclohexane 
was given intragastrically to rats and mice. Pro- 
pylene glycol was used as diluent where necessary. 


Chronic Toxicity 


Repeated Seven-Hour Vapor Exposure-——Groups 
of 10 male rats (80-104 gm.) were exposed five 
days a week for seven hours, for a total of 50 
exposures, to air saturated with the vapor of 
EPON 562 and diglycidyl resorcinol. Similarly, 
two groups of 10 control rats, one for each com- 
pound, were exposed to uncontaminated air. The 
animals were exposed in cylindrical steel chambers 
of 210-liter capacity at 20+1C. 

Air was substantially saturated with EPON 562 
by passage through two fritted glass bubblers con- 
nected in series. Substantial saturation with DGR 
was accomplished by passage through one bubbler 
following warming in a heating jacket to reduce 
the viscosity. The airflow rate was held constant 
at 15 liters per minute. A preliminary saturation 
period of about an hour insured greater than 95% 
saturation of the air prior to the exposure of 
animals. No analytical check was made of the 
concentration, since it was too low to permit ac- 
curacy of determination in either case. 

The rats were observed for signs of intoxication 
during and after each exposure. Individual weights 
were recorded weekly, and mean weight changes 
were graphed in the form of growth curves. At 
the end of the experimental period, the rats were 
decapitated under light ether anesthesia, exsan- 
guinated, and examined for gross changes. 
Representative tissues were taken for histologic 
study, and the organ/body weight ratios were 
determined on liver, lungs, and kidneys for sta- 
tistical analysis. 

Feeding Experiments—1. The uncured EPON re- 
sins 562, 828, 1001, and 1007 were fed for 26 weeks 
in three concentrations each to male rats of the 
Long-Evans strain. The rats (85 to 161 gm.) were 
randomized into 13 groups of 10 rats each, three 
groups for each compound and one control group. 
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The resins were mixed into our standard green 
feed in varying concentrations (Table 3) and held 
in stock containers from which the feed jars were 
filled twice a week. The feed jars were short 
Mason jars with screw tops blocked with wire 
mesh to prevent spilling. 

The rats were observed daily and weighed 
weekly. Animals that died were subjected to 
necropsy when feasible. At the end of 26 weeks, 
the survivors were weighed and decapitated under 
light ether anesthesia. After careful gross inspec- 
tion, suitable tissues were taken for microscopic 
examination. These included brain, thyroid, thymus, 
lung, heart, stomach, intestine, pancreas, liver, 
kidney, testis, and urinary bladder. Organ body 
weight ratios of the liver and kidneys were com- 
pared by means of the “Student” f-test, and a 
similar comparison was made of the percentage 
weight gains. 

Similarly, five cured resin systems were fed to 
rats for a period of six weeks. Two of these 
systems contained EPON 1001, and three contained 
EPON 828. They were hard, infusible substances 
obtained by treating the uncured mixture with 
amines, and, because they were expected to be 
inert, they were fed at higher levels than the 
uncured resins: 1%, 5%, and 10% of the diet. 
Otherwise the procedure of the experiment was 
the same as for the 26-week feeding. 


Irritation 


Single Application —The irritating effect of the 
five uncured resins and of two polymers of EPON 
828 (Table 4) was tested on normal rabbit eyes 
by dropping 0.1 ml. of a 20% suspension in pro- 
pylene glycol on the center of the cornea. Readings 
were made at 1, 24, and 48 hours, with the corneas 
unstained and then stained with a 2% solution of 
fluorescein sodium. Injury was scored according 
to the method of Draize (1955). 

The uncured resins, the polymers of EPON 828 
and N (hydroxyethyl) diethylenetriamine, were also 
tested for effect on the skin of rabbits. Albino 
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TABLE 4.—Grades of Irritation Produced by Single 
Aogemnen & to the Skin and Eyes of Rabbits 


007 
Resorcinol diglycidy] resin 


Partially Cured Resins 

Polymer 828 +DTA (stripped) 

Polymer 828 +m-phenylenediamine 
(stripped) 

Curing Agents 


DTA (diethylenetriamine) 
N (hydroxyethyl) DTA 
Boron trifluoride & ethylamine complex 


* Method of Draize (1955). The highest possible score for skin 
is 8, for eye is 120. 


rabbits were clipped over the back and flanks, and 
four areas of the back designated for the test, two 
intact and two scarified with wire mesh. The 
animals were immobilized in a multiple rabbit 
holder (Laug, 1944), and patches of gauze were 
secured over the areas with adhesive tape. The 
compounds were introduced under the patches, and 
the entire trunk of the rabbits enveloped in rubber 
dam. After 24 hours the rabbits were released, the 
resins removed, and a first reading made. After 72 
hours a second reading was made. 

Repeated A pplication.—The effect of multiple ap- 
plications was studied, using not only the uncured 
resins, but also a group of partially cured resins 


TABLE 5.—Grades of Irritation Produced by 
Repeated Application of Resins to the 
Skin of Rabbits 


Applications 


High Final 
Score* Mean Range 


Z 
= 


Uncured Resins 
E 


EPON 815 
EPON 820 
EPON 828 


eee 


EPON 1001 
EPON 1007 
Diglycidy] resorcinol 


Partially Cured Resins 
Polymer 828 with m- 
phenylene diamine 
(stripped) 
wwe 828 with DTA 
(stripped) 
Adduet 828 with DTA t¢ 


Adduct 828 with DTA 
and phenol ¢ 


Adduct 834 with DTA 
and AGE ¢ 


? 


on @ 


Final 


and curing agents (Tables 5 and 6). Acetone was 
used as a negative control solution. 

These tests were set up according to the Latin 
square method: four to five spots on each animal’s 
back were depilated, and a different compound 
applied to each. The compounds were diluted with 
acetone if it was not practical to apply them un- 
diluted, and the amounts applied were adjusted to 
give approximately the same final quantity of each 
compound. The materials remained on the skin for 
both one-hour and seven-hour periods, in most 
cases, after which they were removed with acetone. 
Readings were made just prior to application. The 
degree of irritation was scored by the same method 
as for single applications, in which the maximum 
score for erythema and edema is 8. Applications 
were made daily except week ends for a total of 20, 
or until death or eschar formation made further 
application impractical. The rabbits were weighed 
weekly, and after the final application representa- 
tive animals were killed to determine the systemic 
effects. Suitable tissues were taken for histologic 
study. 

Sensitization 

Prophetic Patch Test—A patch test was con- 
ducted on 205 human volunteers, 200 males and 5 
females (aged 19 to 59), to determine their re- 
sponse to fabrics treated with cured EPON resins. 
Most of the subjects were Caucasian, but five were 
Oriental, six Negroid, and nine of the brown- 
skinned races. Five of the subjects reported having 
chronic skin disease (psoriasis, seborrhea, acne, 
herpes simplex); 24 reported allergies to one or 
two of the various substances. 

Two sets of patches were applied to the subjects. 
The first remained in contact with the skin for six 
or seven days, and the second (challenging dose) 


TaBLe 6.—Grades of Irritation Produced by 
Repeated Applications of Curing Agents 
to the Skin of Rabbits 


A pplications 


Final Final 
Seore* Mean Range 
N(eyanoethyl) DTA 
N (hydroxyethyl) DTA 


Now 


DTA (diethylenetriamine) 
N (hydroxyethyl) DTA 
+ DTA 


ic 


+ 4% 
Boron trifluoride & 
ethylamine com ay t 
Pp, p’-Diaminodicyclo(hexyl- 
methane) 
1,3 Bis-(aminoet hylamino)- 


ropanol 
1 yclohexane 
Hexahydrophthalic 
anhydride 
Dodeceny] succinic 
anhydride 


ceo 
~ 


* Highest possible score is 8. 
t Stated to contain free DTA. 
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* Highest possible score is 8 (Draize, 1955). 
+ Stated to contain free DTA. 


a 
Score * : 
Skin Eye a 
Uncured Resins 0 82 z 
EPON 562 0 82 . 
EPON 815 0 
EPON 820 0 Bie 
EPON 828 0 2 & 
EPON 1001 0 41 
0 41 
5 45 sag 
0 43 
0 1 
0 
- 
6-8 
o-1 
0-3 
0-3 
6-8 
0 
0 
0 13 7 6-8 iz 
20 1 18 
20 1 4-8 
20 1 4-8 
20 2 0 0 20 1 7-8 Ss 
6 7 78 
20 4 0 0 
1 7 5.6 45 
6 7 8 4 1 27 
8 
20 1 6 2 he 
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TaBLe 7.—Materials Used for Prophetic 


Patch Test 

Material Resin Curing Agent 
None None 

Wool EPON 562 Epon 828-DTA adduct 
EPON 828 Epon 828-DTA adduct 
None None 

Cotton EPON 562 Magnesium perchlorate 
EPON 562 Zine fluoborate 
None None 

Rayon EPON562-glutaraldehydeZine fluoborate 


glutaraldehyde Zine fluoborate 


was applied 10 to 14 days later for a period of 24 
hours. The patches consisted of rayon, wool, or 
cotton, treated with cured EPON resins 562 or 828, 
or untreated (Table 7) and were about 1 cm. 
square. 

After the subject’s back had been cleaned with 
acetone, the patches were applied in two vertical 
columns under Elastoplast patches. The reactions 
were graded according to an arbitrary five-point 
scale ranging from zero (no response) to five 
(vesiculation). The procedure was the same for 
both sets of patches, but no attempt was made to 
approximate the same sites of application. 


Results 
Acute Toxicity 

Resins. —Diglycidyl resorcinol and EPON 
562 were more toxic than the other EPON 
resins. The former was the most toxic. 
The toxicity in general decreased with the 
other resins with increasing molecular 
weight, EPON 1001 and 1007 producing no 
deaths even in the neighborhood of 30 
gm/kg. The pharmacologic effects, even in 
lethal doses, were not outstanding. There 
was moderate depression, slight dyspnea, 
and in surviving animals loss of weight and 
diarrhea. Also, animals that died within 48 
hours had a blood-tinged nasal discharge. 
All compounds were considerably more toxic 
when administered intraperitoneally than 
when administered intragastrically, EPON 
562 and DGR being approximately 5 to 10 
times more toxic than the other EPON res- 
ins. The wide range in lethal doses which 
was observed after intragastric administra- 
tion was not apparent, however, after intra- 
peritoneal administration. The insolubility 
of the aromatic type of resins and _ their 
failure to penetrate the gastroenteric tract, 
made them when admin- 
istered intraperitoneally by a factor of 19. 


less toxic than 
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Gross pathology was nonspecific, and 
the chief effect was that of local irritation. 
There was no noticeable species variation 
among the rat, mouse, and rabbit. The LDs5o 
values and their confidence limits will be 
found in Table 2. 


The cutaneous application of EPON 562 
caused no deaths in rabbits, even at the 
high dose used, although their skins showed 
large areas of subcutaneous hemorrhage and 
necrosis. 

Curing Agents.—1,3-Diaminocyclohexane 
was the most toxic of the four amine cur- 
ing agents. Diethylenetriamine was more 
toxic than its substituted homologues. 
These compounds caused some central stim- 
ulation, and convulsions followed by de- 
pression were noted with all of the agents. 
An excitement period of a few minutes 
usually preceded the convulsive seizures. 
Again, the intraperitoneal administration 
rendered the compounds considerably more 
toxic. Local irritation was considerably 
more pronounced following that route of 
administration. The diaminocyclohexane 
and diethylenetriamine were more toxic than 
any of the uncured resins tested. Neither 
gross nor microscopic examination indicated 
any significant lesions other than those as- 
sociated with irritation, and there was no 
evidence of degenerative changes in any of 
the organs examined. 


Chronic Toxicity 

Repeated Seven-Hour Vapor Exposure. 

The series of 50 exposures to the satu- 
rated vapors of EPON 562 and DGR was 
singularly free of untoward effects. Aside 
from a very slight incrustation of the eye- 
lids of some animals, with red-brown ex- 
udate, none of the rats showed any signs 
of toxicity or irritation attributable to the 
exposure, One rat of the DGR group and 
two in the control group died between the 
third and fourth weeks. At necropsy of 
these animals, bronchopneumonia yas 
found. No significant gross or microscopic 
lesions were found in the surviving animals. 
Analysis of variance showed no significant 
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difference in mean weight gains or in or- 
gan/body weight ratios (P=<0.05). 

Feeding Ex periments—Uncured Resins: 
Table 3 shows the weight gains, organ/body 
weight ratios, and mortality of rats fed the 
EPON resins at various levels for a period 
of 26 weeks. Significant mortality was seen 
only in the group fed 5% of Epon 828. 

All of the group fed EPON 828 died by 
the end of the second week of the experi- 
ment. Otherwise, there were only five 
deaths during the course of the experiment, 
scattered among experimental and control 
animals. These deaths were apparently not 
related to the ingestion of EPON resins. 
No significant lesions grossly or microscopi- 
cally were seen in the tissues examined 
after of the treatments. Significant 
depression of weight gain was seen in two 
groups. 


any 


Analysis of variance and the “Student” f- 
test showed significant retardation of weight 
gain in the groups fed 1% 828 and 562. 
There statistical increase in 
liver/body weight ratios, but there was a 
significant increase in kidney weights in 
groups fed 0.2% and 1.0% 828 (P=<0.05 
and 0.001, respectively); and groups fed 
0.04% and 1.0% 562 (P=<0.05 and 0.01, 
respectively ). 

Cured Resins: The rats fed the five 
cured resin systems for six weeks remained 
No deaths oc- 
curred at any level of feeding, and there 


Was no 


normal in every respect. 


were no significant differences in weight 
gain or organ/body weight ratios. None 
of the tissues appeared abnormal on gross 
It was inter- 
esting that while 5% of the uncured EPON 
828 caused death in a short time, the high- 
est 


or microscopic examination. 


levels of cured resins caused neither 


death nor any other effect. 


Irritation 
Single Ap plication.—Eye irritation scores 
show both EPON 562 and DGR to be se- 
verely irritating, while EPON resins 828, 
1001, and 1007 were only mildly irritating. 
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Uncured EPON resins 828, 1001, and 
1007, and the stripped polymers of 828, 
caused no irritation on 24-hour contact with 
rabbit EPON 562 and DGR were 
moderately irritating, with a score of 5. The 


skin. 


scores after single seven-hour application of 
ISPON resins 815 and 820, and three curing 
agents, are included with these results in 
Table 4. Except 
(maximum score of 8), none were more 
than mildly irritating. 
Repeated Ap plication.- 
single application, repeated application of 
EPON 562 and 828 caused definite signs of 
skin irritation. The applications which were 


for diethylenetriamine 


In contrast to the 


left in place for seven hours did not produce 
a significantly greater score than the one- 
Final mean scores with 
EPON 562 approached the maximum degree 
of irritation. 


hour applications. 


There was marked variation 
between animals tested in the same run, and 
between two different runs of 828. Some 
animals remained unaffected, while others 
showed maximum injury scores. In making 
comparisons of this kind, therefore, it be- 
that the 


between compounds would be made when 


came apparent best comparison 
they were applied to the same animal. In 
this respect, one experiment in which EPON 
828, 815, and 820 were applied showed that 
both 815 and 820 were slightly more ir- 
ritating than 828. The experiment in which 
the with 
EPON 828 was in decided disagreement 
with the usual result obtained. 

The EPON resins of higher molecular 
weight, 1001 and 1007, produced no irrita- 
tion on repeated application. In 


maximum score obtained 


contrast 
with this, DGR produced severe irritation. 
Three of the four rabbits died after seven 
applications of DGR, and two of the four 
treated with EPON 562 died six days after 
the eighth (last) application. These animals 


showed dyspnea, rales, and nasal discharge, 
and signs of bronchopneumonia were found 
in all at necropsy. It was our impression, 
however, that death was due primarily to 
disability produced by the extreme irritation, 
rather than to any systemic effect of the 
resin. 
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Two of the resin systems (partially cured) 
containing EPON 828, from which all the 
excess curing agent had been removed, 
showed no appreciable irritation, although 
when excess DTA and other solubilizing 
agents were left in the adduct marked irrita- 
tion occurred. The most uniform necrotiz- 
ing agent was DTA, although most of the 
amine compounds produced high degrees of 
skin irritation. When DTA was added to 
its N (hydroxyethyl) derivative in concen- 
trations up to 4%, there was no appreciable 
effect on the mean irritation score. The two 
anhydride esters were slightly less irritating 
than the basic curing agents. A summary of 
the scores will be found in Tables 5 and 6. 


Sensitization 


Prophetic Patch Test—Among the 205 
subjects tested, there were neither signs of 
sensitization to any of the materials tested 
nor evidence of possible primary irritation. 
A few reactions to the tape were noted, all 
of minor intensity. It was concluded that 
fabrics impregnated with the resins were 
unlikely to cause sensitization or skin irri- 
tation. 


Medical Experience with Epoxy Resins 


It has been the privilege of one of us 
(C. H. H.) to observe personnel engaged in 
research activities involving EPON resins 
during the past 10 years. During that time, 
industrial-hygiene procedures and safe- 
handling practices have been reviewed, and 


a few cases injurious effects have been 


treated. 

As previously described (Hine et al., 
1954, 1956), safety and health problems 
arising in a research group differ from 
those of production and commercial use be- 
cause of the greater variety of compounds 
handled. The quantities are usually small, 
although in pilot-plant operations they ap- 
proach tonnage amounts. The facilities of- 
fered in the laboratory for personal 
protection and environmental control are 
usually superior to those encountered in 
mass production; the personnel are likewise 


136 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


superior in training and in orientation to- 
wards exposure hazards. Experience gained 
in a developmental laboratory is therefore 
not entirely applicable to problems encoun- 
tered in use of the products. However, we 
are reporting our observations because the 
sources of contact will be of interest to 
industrial hygienists, and the untoward ef- 
fects exemplified those anticipated from our 
toxicologic investigations and those which 
since have been reported by others (Savitt, 
1955; Malten, 1956; Grandjean, 1957) as 
occurring more frequently among inexperi- 
enced personnel. 

In these laboratories, we found that per- 
sonnel among four general classifications 
might have contact with the resins: (1) 
research and development; (2) semiscale 
operations; (3) service operations, and (4) 
miscellaneous. 

1. Research and Development.—Explora- 
tory Research: The group engaged in 
exploratory research consisted of profes- 
sional and nonprofessional personnel in 
equal numbers. The turnover in this group 
was fairly low, professional men remaining 
about 24 months, and nonprofessional men 
about 18 months. Supervision of working 
habits, although in general cyclic, was rather 
close and consisted of a thorough indoc- 
trination concerning the toxicology of the 
epoxy resins and curing agents, followed by 
general policing action three or four times 
during the course of a working shift. 

When this group was followed for some 
time, the following points became apparent: 
New employees required more supervision 
for safety; more experienced employees 
quickly and easily learned the most appro- 
priate methods of handling small-scale 
operations; the habit of following instruc- 
tions on good working routines was related 
to individual understanding, and profession- 
als were no more careful than nonprofes- 
sionals in their working habits. 

The specific duty of this group was 
investigation of new processes and applica- 
tions for epoxy resins. New types of 
epoxides, catalysts, and structures were ex- 
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plored. Resins were synthesized and cast 
into sheets from which samples were taken 
for chemical and physical analysis. 

The physical characteristics of most un- 
reacted epoxy resins make them hard to 
work with. They are sticky and insoluble 
in many customary solvents. Secondary 
contamination is very likely to occur, since 
the material adhering to gloves and tools 
may accidentally be transferred to other 
parts of the laboratory. Constant super- 
vision is required to prevent this secondary 
contamination. It was found desirable to 
arrange the work load so that the employee 
was not rushed, and felt that he had plenty 
of time for thorough clean-up of equipment, 
the general work area, and his skin. It 
was learned by clocking an employee in one 
department that during some days he must 
remove his gloves from 30 to 40 times to 
wash his hands, use refatting cream, and 
clean his equipment. 

Most: epoxy resins are products of the 
reaction of epichlorohydrin with phenolic 
compounds. Epichlorohydrin requires espe- 
cially careful handling, as it is volatile and 
markedly irritant. Syntheses were usually 
carried out under a hood, to avoid contact 
with vapors. After synthesis, a curing agent 
was added and the resin was cured, usually 
in a laboratory oven at temperatures above 
150 C. It was found desirable to tie the 
vents of these ovens into the general exhaust 
system, as the epichlorohydrin is not all 
removed, and should not be permitted to 
contaminate recirculated air. Although in 
our experience the cured resins could be 
handled without danger of dermatitis, a 
minor dust nuisance arose when they were 
cut for physical tests. All cutting operations 
were therefore carried out in hooded areas, 
or areas with good ventilation, with use of 
a “dust foe” type of respirator. A variety 
of preliminary tests, such as measurement 
of tensile strength, flexibility, and weather- 
ing properties; the ASTM test for solvent 
extraction; and determination of optical 
properties were carried out by this group. 
If the resin appeared worthy of further 
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investigation, it was referred to specific 
testing groups in Research and Develop- 
ment for more critical analysis. 

Potting operations were found occasion- 
ally to give rise to noxious, although not 
toxic, fumes. In a typical potting process, 
the resin and curing agent are stirred to- 
gether and placed in a mold. In this mold 
may be suspended some article which is 
being encased for protective purposes. If 
the operation is not carried out under a 
hood, volatile curing agents (especially the 
amines) are likely to contaminate the air 
and cause nose and eye irritation. 
and Laminates: A _ second 
group of workers were concerned primarily 
with testing resins in noncoating applica- 
tions, especially the study of new adhesives 
and laminates. In the former study, epoxy 
resins were applied to strips of aluminum, 
magnesium, or tin, for metal-to-metal bond- 
ing. The metal strips were first prepared by 
etching with acids (e. g., dilute sulfuric, ni- 
tric and sulfuric), or nonacid etchers (e. g., 
hydrogen peroxide, formaldehyde). They 
were subsequently degreased with liquid 
trichloroethylene vapor and washed with 
alkaline detergent. All of these agents are 
sources of skin irritation. Although a few 
minor skin irritations occurred, no severe 
cases of dermatitis developed in this group. 
The etched metal panels were covered with 
an adhesive which had previously been mixed 
in larger amounts than those employed by 
the exploratory group and_ subjected to 
pressure and heat. The panels thus pre- 
pared were tested for rigidity and adhesive 
strength. Although the men wore coveralls, 
they usually did not wear gloves in the 
laminating process, because gloves were torn 
by the sharp metals used. 


Adhesives 


The quantities of epoxy resin handled in 
making these metal panels were relatively 
small; however, considerably larger quan- 
tities were used in preparing laminate for 
structural testing. In this process, glass fiber 
laminates of considerable thickness were 
impregnated with the resin, which was 
spread back and forth. The sandwiched 
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glass was then subjected to pressure and 
heat. Phenol formaldehyde resins were 
used as well as the usual curing agents. In 
a slightly different preparation, glass fibers 
were passed over heated rollers, and excess 
resin was removed by scraping before they 
entered a curing oven. There was some 
exposure to curing agents at this point, and 
one of the most persistent cases of dermatitis 
in the plant was incurred during this opera- 
tion. The impregnated material passed 
through the oven, which was ventilated at 
the rate of about 1200 cu. ft. of air per 
minute, and was wound up on an end roll. 
Excess solvent and curing agent were here 
removed, at a temperature of 130 F. The 
clean-up problem for this operation was 
rather considerable, and a large quantity of 
wash, usually acetone or toluene or both, 
was used. Handling of heated rolls also 
caused dermatitis problems. 

Curing Agents: Considerable effort is 
expended in the development of new curing 
agents, since specific applications frequently 
require curing agents of particular volatility, 
setting temperature, and curing time. Some 
of the curing agents were synthesized by 
this group, while others were obtained from 
commercial sources. It was disappointing to 
find that, frequently, little or no toxicity in- 
formation about the curing agents could be 
obtained from manufacturers or suppliers. 
At this stage of technical exploration, toxic- 
ity evaluations on animals were not war- 
ranted; since in general this class of agent 
was known to be irritant and noxious, all 
compounds were treated as if they were 
toxic, and full precautions were taken to 
minimize exposure. 

While this group dealt with agents which 
might be expected to be primary irritants 
and give rise to considerable dermatitis, the 
group required no medical treatment at any 
time. This may have been due to habit 
patterns of full caution at all times; in other 
groups, gradations of caution were related 
to the known degree of hazard, permitting 
variations in methods of handling. 
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A section of this group studied special 
surface coatings. This use of epoxy resins 
is promising, and a considerable amount of 
research has led to a variety of special 
surface coatings. Curing agents for these 
EPONs, which were mainly of the 1000 
series, were amines, methylol compounds 
(melamine, phenolic, urea resins), and fatty 
acids, 

Some of these coatings are baked on, 
while others are cured by oxidation. In the 
preparation of test specimens, panels are 
sprayed with paint containing different types 
and quantities of resin, and tested for re- 
sistance to weathering under standard con- 
ditions for durability, and for suitability in 
various applications. Development of sur- 
face coatings is an important research ac- 
tivity. The epoxy paints are especially 
suitable for industrial coatings, as they are 
resistant to corrosion, both from immersion 
and from atmospheric effects. The only 
contacts of significance occur during the 
curing process or during the removal of 
excess or unreacted curing agents. Cured 
resins have not, in our experience, been a 
source of complaint. 


2. Semiscale Operations.—In_ semiscale 
operations, nonprofessional pilot-plant oper- 
ators prepared EPON resins in 1000-Ib. 
batches under the direction of a chemist or 
engineer. The charge was usually loaded 
from drums into the reactors by negative or 
positive air pressure, the closed system limit- 
ing the possibility of contact. All pilot-plant 
operators were provided with special protec- 
tive clothing, and further heavy-duty protec- 
tive equipment when it 
necessary to open a reactor or transfer a 
finished product to drums. These operations 
were carried out without incident, except for 
one operator who developed a_ sensitivity. 
This man had previously been shown to be 
sensitive to epichlorohydrin. Although the 
temperature employed in the reaction he 
carried out such that it seemed im- 
possible for excess epichlorohydrin to re- 
main in the finished product, twice during 
transfer of the finished product he devel- 


was used was 


Was 
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oped an allergic dermatitis. On patch test 
the man was found to be sensitive to the 
EPON resin. 

3. Service Operations —Shipping: The 
shipping department was responsible for 
canning small lots of resin and preparing 
them for shipping. The tacky nature of the 
resin made this operation difficult, and fre- 
quently small drips of resin would go down 
the side of the can. It was found necessary 
to furnish the men with gauntlets and to 
increase the ventilation in the area. Despite 
this precaution, two of the men developed 
dermatitis. 

Analytical Work: Analytical checks for 
epoxy groups in the uncured resin, and 
for the presence of other constituents, has 
been carried on for a number of years. 
One of the most persistent cases of der- 
matitis encountered appeared in a female 
employee engaged in the analysis of epoxy 
groups. She was found to have a general- 
ized sensitivity to epoxy compounds, al- 
though she was apparently never bothered 
by cured EPON resins. 

4. Miscellaneous—Two persons were 
burned by hot EPON resins, and it was 
necessary to use acetone to remove the resin 
from the skin. In neither case was there 
any lasting effect on tissue, and healing of 
the burn was not retarded. 

While work on the EPON resins has been 
under way in these laboratories since 1947, 
the man-hours expended were few until 
1951, when increased activity raised the total 
work time to 33 man-years. The number of 
persons working with, or having contact 
with, these resins can not be stated precisely, 
but the records available indicate a total of 
250 persons and 290 man-years to date. 

During this 10-year period, 24 persons 
visited the first-aid room because of irrita- 
tion or sensitizations following contact with 
these compounds; only 3 of these persons 
had more than one recorded injury. There 
were no complaints of a serious nature, and 
none suggesting systemic intoxication; all 
were related to contact with surface tissues. 

Seventeen of the persons affected had 
evidence of skin irritation and two of these 
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had thermal burns from the compound. Five 
had complaints of both eye and skin irrita- 
tion simultaneously; four had eye irritation 
alone, and one complained of irritation of 
the upper respiratory tract. Approximately 
80% of the persons working with EPON 
resins had physical examinations under the 
health conservation program. None of these 
showed deviations from normal, physically 
or physiologically, which could be associated 
with contact with the resins, other than skin 
and eye irritation. One of the persons with 
a skin irritation refractory to conservative 
therapy was referred outside for derma- 
tological consultation, and one was referred 
because of a marked eye irritation following 
droplet contact. All other employees were 
handled intramurally by the nursing staff or 
the medical consultant. The number of visits 
and treatments varied from 1 to 20, with a 
mean of 7. Seventeen persons required 
more than two visits and treatments. 

Personnel requiring treatment included 
both professionals and nonprofessionals. 
Among the job classifications were engineer, 
chemist, pilot-plant operator, shipping clerk, 
and laboratory assistant. No job classifica- 
tion showed unusual frequency. Because 
of the relatively greater number of em- 
ployees in the classifications of laboratory 
assistants and operators, these designations 
were noted frequently. 

Treatment of the primary irritation fol- 
lowed conservative methods, and consisted 
of soaks and applications of dressings wet 
with aluminum acetate (Burow’s) solution 
during the inflammatory stage, and mild 
lotions during the healing stage. Areas 
involved in primary irritation included 
chiefly the hands and suborbital areas of the 
face. In those cases where both skin and 
eye irritation occurred, there was noted a 
peculiar inflammatory conjunctivitis with 
rather pronounced granulation of the lower 
lids. Because of the sensation resulting, this 
is referred to by the persons affected as 
“eyeball itch.” 

Sensitization reactions were seen in three 
persons. In two of these it was found de- 
sirable to give new assignments which pre- 
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cluded further contact with the substances. 

Three case histories illustrating the most 
commonly encountered effects—primary skin 
irritation, eyelid irritation, sensitiza- 
tion—are presented in the following para- 
graphs. 

Case 1.—A 26-year-old junior laboratory techni- 
cian reported with a complaint of redness and itch- 
ing on the backs of both hands. He complained 
also of a feeling of stiffness of the hands, though 
clenching was not impeded. 

He stated that for the past seven months he had 
been working on a developmental process for the 
synthesis of EPON resins. This involved a bench- 
scale plant in which epichlorohydrin, hydroxide, 
and bisphenol A were charged into reactors. 
Contact with the uncured resin could occur during 
equipment breakdown and the clean-up process. He 
stated he had approximately three contacts per day, 
and that it was his custom to wash his hands with 
soap and water, followed by acetone, since the 
material could not otherwise be completely re- 
moved. He had had a sensitivity reaction to 
penicillin about a month previously, and a history 
of chronic sinusitis aggravated by dust. Approxi- 
mately two years before he had a skin condition 
which had been diagnosed as a neurodermatitis by 
his physician. There was no other history of 
sensitivities. 

On examination a macular rash was noted in two 
discrete areas approximately 2 cm. in diameter on 
the dorsum of his right hand and involving the 
space between the first finger and thumb. There 
was moderate edema and erythema, and on palpa- 
tion small macules were felt. 

Five other men working on this process had 
similar contacts, but no overt dermatitis. 

The lesion was treated conservatively, twice daily 
for four days. The next week the area had entirely 
cleared. There were no further complaints. 

Case 2.—A 23-year-old stock clerk reported with 
the complaints of swelling of the face and itching 
of the eyelids. He stated that two days before he 
had worked for eight hours packaging a liquid 
EPON and curing agent “A.” Four hours after 
leaving work he had noticed fullness of the eyelids, 
itching, tearing, and a “scratching” feeling. 

On examination, two large erythematous areas 
were noted, which extended laterally in a fan- 
shaped area immediately beneath the eyes. The 
lids were swollen and whitish in appearance, and 
the palpebral conjunctivae and sclerae were mark- 
edly injected. 

Treatment consisted of application of boric-acid 
packs to the face twice daily, and ephedrine, 25 mg. 
t. i. d. Since the packaging procedure was not to 
be repeated within a week, he was allowed to re- 
turn to his work area. The condition improved 
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considerably within 48 hours, and, except for 
moderate scaling and flaking of the skin, his ap- 
pearance was normal within 10 days. 

Case 3.—A 36-year-old laboratory assistant re- 
ported because of a rash on his face and hands. 
Twelve days previously he had received first-aid 
treatment for a macular dermatitis on the dorsum 
of his hands. His job consisted of mixing an 
EPON with a curing agent and applying it with a 
spatula to laminated glass cloth on a roller. After 
this, the material was cured at about 150 F; he 
was required to handle the hot rolls of finished 
product. 

On examination, a typical eczematoid dermatitis 
was observed on the exposed areas. 

Because of his complaint of intense itching, he 
was removed from his usual work area for two 
weeks, during which time he received local treat- 
ment, antihistamines, and dihydrocortisone. When 
the dermatitis had cleared, he returned to the work 
area where a run was in progress. Within 15 
minutes the itching and reddening of the eyelids 
recurred. He was assigned to other work for a 
period of one month, after which a second trial of 
his former work was made; at the end of one 
week’s time the eczematoid eruption had recurred. 

The work habits of this man were inspected, and 
found to be satisfactory. The odor of amines was 
noted in the area of curing, although the area was 
hooded. It was decided to transfer the man to 
another job, and there has been no recurrence of 
the dermatitis in the past three years. 


Comment 


A review of the literature failed to un- 
cover any publications on the toxicity of 
epoxy resins, although there was some in- 
formation on the toxicity of some of the 
curing agents. Morris (1952) in his dis- 
cussion of the dermatologic aspects of vinyl 
plastics describes five general groups of 
plastics, an important member of which is 
condensation plastics. The condensation 
plastics have been divided into three main 
subgroups—aminoplastics, phenolplastics, 
and alkyd resins. The EPON resins are 
representative of a new class of condensa- 
tion resin, in which there is reaction between 
epichlorohydrin and polyhydroxy alcohols 
or phenols. The unit structure of the EPON 
resins is large in comparison with the unit 
of some other important monomers, as 
shown in Table 8, and the actue toxicity 
of the monomers of lower molecular weight 
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TaBLe 8.—The Unit Structure of Some 
Important Polymers 


Polymer Unit Polymer Unit 
H H HH 
| 
Polyethylene Styrene ? 
H H H 
Vinyl] chloride 
H Cl H CH; 
Methyl 
methacrylate 
H H 
| 
Vinylidene chloride 0 
H Cl 
H H 
Acrylonitrile H 
H CN oO 


is greater than that of the EPON resins. 
Polymerization reduces the number of unit 
structures in all resins, and the resulting 
polymers are considerably less toxic than 
the base unit from which they were made. 

For example, rats showed no untoward 
effects when their diet contained as high as 
10% of EPON 828 cured with three differ- 
ent curing agents, over a period of six weeks. 
Since the epoxy group may be assumed to 
be the biologically active portion of the 
resin, cured resins which have few free 
epoxy groups are relatively harmless. The 
conversion of the epoxy group varies with 
the conditions of cure. In a series of studies 
by Dannenberg and Harp (1956) this 
ranged from 69.8% to 97.7%, with epoxy 
equivalents of 840 to 6400. (The epoxy 
equivalent is the grams of resin containing 
1 gm. equivalent of epoxide.) Moreover, 
the toxicity of even the uncured EPONs is 
of extremely low order. With the exception 
of the experimental resin, diglycidyl resor- 
cinol, and EPON 562, both of which would 
be classified as “slightly toxic following per- 
oral administration,” the resins are either 
“practically nontoxic” or “relatively harm- 
less” by this route of administration. No 
practical toxicity hazard could be associated 
with exposure to the vapors or percutaneous 
absorption of the resins. 
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With the exception of 1,3-dicyclohexane, 
which was “moderately toxic,” the curing 
agents would be classified as only “slightly 
toxic’ on peroral administration. Though 
these compounds are alleged to be toxic on 
percutaneous absorption, the range-find data 
of Smyth and Carpenter (1944, 1949, 1951) 
place the toxicity of diethylenetriamine and 
its N( hydroxyethyl) derivative in the same 
toxicity range perorally and percutaneously, 
the order of magnitude agreeing with our 
classification of “slightly toxic.” They found 
that neither compound caused death when 
rats were exposed for eight hours to satu- 
rated vapors. The toxicity of the derivative 
was slightly less than that of the parent 
compound. According to our observations, 
modification of the basic diethylenetriamine 
by substitution of either hydroxyethyl or 
cyanoethyl on the nitrogen generally de- 
creased the toxicity and skin irritation. 

These findings are also confirmed by 
Ingeberman and Walton (1956), who found 
that hydroxyalkylation of diethylenetriamine 
decreased sensitization as well. It must be 
remembered that it is these latter properties 
of the compounds with which we are pri- 
marily concerned. Fortunately, the irritation 
arising on contact, and the rather disagree- 
able odor, aid in reducing the hazard of 
contact. 


As Cranch pointed out in 1946, the prob- 
lems of skin irritation and toxicity are not 
encountere? nearly as frequently in the 
primary manufacture of plastics as in the 
intermediate formulation and production of 
finished plastics. 

In our experience no systemic toxicity has 
resulted from inhalation of the vapors. Our 
experience with the attack rate of derma- 
titis confirms Cranch’s observation, and our 
figures differ from those of Grandjean 
(1957) and Malten (1956). Grandjean ob- 


served operators working with similar, 


though not identical, resins and curing 
agents. His investigation of 11 European 
factories indicated that 43% of all workmen 
encountering the resins suffered dermatoses, 
and that 22% of these were severe, as 
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judged by lost time amounting to three days, 
or dermatitis requiring change of job as- 
signment. Malten reported that 26 of 225 
workers processing epoxy resins had become 
sensitized to resins, hardeners, or both. The 
sensitization rate (approximately 10%) is 
considerably higher than that encountered in 
our experience (3 in a group of 250). 
Dermatitis from cold-setting casting resins 
was first reported by Pletscher (1954). 
Clinical aspects have since been described 
by Pliiss (1954), Welcker (1955), and 
Grandjean. The observations of these in- 


vestigators on European workers are es- 
sentially similar to those noted by us in the 
Shell Development Laboratories. The usual 
lesion is typical of contact dermatitis, the 
early manifestations being redness and edema 


with weeping, followed by crusting and scal- 
ing. Savitt (1955) was the first dermatolo- 
gist in this country to record the effect on 
skin, preventive 


measures. 


human and to suggest 
The dermatitis we encountered could be 
divided into two types: primary irritation 
and sensitization. In our experience, sensi- 
tization occurred infrequently, involving 
only 10 of the exposed population. 
Primary Irritation. — Following initial con- 
tact, there is usually an erythematous, dis- 
crete area, confined to the point of contact. 
Since this frequently involves the face, it is 
likely that it is caused by the vapors of the 
hardener, though contact with contaminated 
gloves or droplets may also play a part. The 
initial lesion persists from 48 hours to 10 
days. Usually the erythema fades, giving 
way to a macular rash followed by scaling. 
Sensitization—Sensitization may follow 
the initial contact, resulting in the develop- 
ment of a papular and vesicular eczema. 
This is accompanied by considerable itching, 
and extension beyond the point of original 
contact. Only occasionally are areas other 
than the backs of the hands, the forearms, 
face, and neck involved. Treatment consists 
of bland ointments and soaks. If the work- 
er is withdrawn from further contact, the 
lesion usually subsides in 10 to 14 days. 
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However, it may recur on further contact. 
If the worker is not withdrawn from con- 
tact, the dermatitis persists for longer 
periods, but usually does not become more 


‘intense. The lesions may assume a brown- 


ish color, and scaling is frequently noted. 

In the three cases of sensitization which 
we observed, two required change of job to 
prevent further difficulty. It is our opinion 
that the hardeners are more usually re- 
sponsible for both primary irritation and 
sensitization than are the resins. In this 
regard, we believe that the use of adducts 
in manufacturing processes, instead of cur- 
ing agents of low molecular weight, might 
materially reduce the incidence of primary 
irritation. According to our tests, these par- 
tially reacted resins caused less skin irrita- 
tion, and the “stripped” adducts, from which 
excess curing agent had been removed, 
caused minor irritation if any, even after 20 
applications to rabbit skin. 

Malten reported that he had observed two 
primary sensitizations contracted exclusively 
from contact with the cured resin. He con- 
cluded that if an employee becomes sensi- 
tized to a specific type of epoxy resin, he 
might also be sensitive to other types of 
epoxy resin, without being sensitized to the 
components thereof (epichlorohydrin and 
diphenylpropane). We have not observed 
any persons who displayed sensitivity to 
cured resins, though we found sensitization 
to epichlorohydrin. It has been brought to 
our attention by Albin (1956) that fabrics 
impregnated with cured resins have been 
worn by a large number of people without 
any allergic manifestations. We concur with 
Malten’s that more cases of 
hypersensitivity to the hardener, which is 
silghtly volatile, are expected, if the mixture 
of epoxy resin and hardener are applied to 


observation 


large pieces (with a large surface for evap- 
oration), than if they are applied to smaller 
pieces. 

Because of the persistence of the der- 
matitis and the possibility of sensitization, 
preventive measures are especially important 
when handling these compounds. Several 
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investigators, among them Grandjean, Savitt, 
and White (1955), have called attention to 
the various aspects of protection, and among 
them have emphasized selection of person- 
nel, avoidance of contact with the materials, 
good housekeeping measures, the use of 
local exhaust, and first-aid procedures. 


It is our impression that the most im- 
portant measures for combating dermatitis 
from the epoxy resins is the practice of good 
personal hygiene. This requires supervisory 
instruction of personnel in good work habits, 
and a provision of adequate cleansing facil- 
ities for removal of the materials period- 
ically, together with a designated clean-up 
period prior to “break” periods and quitting 
time. In addition, protective devices offer 
considerable aid in minimizing personal con- 
tact. Gloves should be worn, and contamina- 
tion of the skin should be scrupulously 
avoided. Protective clothing and personal 
protecting creams are of help. 

Where possible, only persons with no 
history of allergic conditions or eczematous 
eruptions should be selected. Procedures 
should be carefully supervised to insure that 
mixing and curing with volatile agents are 
carried out in properly ventilated areas. 

Sench and floor areas should be protected 
with disposable paper when contamination is 
likely. 

Remedial measures following skin contact 
should consist of thorough cleansing with 
soap and water, followed by methyl ethyl 
ketone or acetone if necessary. Solvent use 
should be kept at a minimum, however. 
Accidental eye contamination is highly un- 
likely, but treatment consists of the usual 
measures for immediate removal of the 
material, emphasizing copious flushing with 
water. 

The sources of contact should be identi- 
fied when dermatitis develops, and the im- 
proper work condition corrected. Since the 
solvents and curing agents are inflammable 
liquids, fire-control measures are required. 
Safety cans should be used for storing in- 
flammable solvents, and proper fire extin- 
guishers should be located in the area. 
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Summary 


An investigation of the toxicology of cer- 
tain epoxy resins, a new type of condensa- 
tion plastic, indicate that they are of a low 
order of toxicity. The biological activity is 
considerably less than that of most mono- 
mers, and, residing in the epoxy group, 
disappears on curing of the resins. 

Dermatitis arising from contact with cur- 
ing agents and occasionally from the uncured 
resin was the only medical problem encoun- 
tered among a group of workers in a re- 
search organization. 


University of California School of Medicine, 
San Francisco (22). 
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Some American Cities 


The National Air Sampling Network of 
the Public Health Service is operated in 
cooperation with local air-pollution officials. 
Samples of suspended air particulate matter 
are collected by the participating agencies 
and forwarded to the Robert A. Taft Sani- 
tary Engineering Center for analysis. These 
samples are analyzed for some or all of the 
following: suspended particulate matter, 
benzene-soluble organic material, metals, 
anions, and radioactivity. The current net- 
work (April 1, 1957) is composed of 108 
urban stations distributed over the 48 states, 
Alaska, Hawaii, and Puerto Rico, as well 
as a group of stations remote from urban 
influences. Over the period reported in this 
paper (July 1954-July 1956) it averaged 
70 stations in 45 communities. 

This paper reports the results of the 
analysis of samples from 28 sampling sta- 
tions in 20 of these communities (Table 1) 
for the following metals: antimony, barium, 
beryllium, bismuth, cadmium, copper, chro- 
mium, cobalt, iron, lead, manganese, molyb- 
denum, nickel, tin, titanium, vanadium, 
and zinc. All urban sampling sites for 
which results are reported in this paper can 
be classed as business or commercial except 
for one residential site in Chicago. Sam- 
pling stations located at a distance from 
large cities or in small communities are 
classed as suburban, and include Boston C, 
Houston C, Lakehurst, and Paulsboro. 


Received for publication Aug. 13, 1957. 

Presented at the Annual Meeting of the Ameri- 
can Industrial Hygiene Association, St. 
April 25, 1957. 

National Air Sampling Network, Community 
Air Pollution Program, Robert A. Taft Sanitary 
Engineering Center, Public Health Service, U. S. 
Department of Health, Education, and Welfare. 
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Distribution of Certain Metals in the Atmosphere of 
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Chambers, Foter, and Cholak' have pre- 
sented earlier (1953-1954) but somewhat 
similar data based on analytical work by 
the Kettering Laboratories on National Air 
Sampling Network samples from 21 cities. 
Considerable other information is available 
on the metal content of the atmospheres of 
American cities.?® 


Selection of Samples 


Samples of suspended particulate matter were 
collected on 8X10 in. weighed glass-fiber filters 
(Mine Safety Appliances Company) using high- 
volume samplers which draw approximately 2000 
cu. m. of air through a filter in an average 24-hour 
collection period. The normal sampling schedule 
called for the collection of at least one sample per 
week at each sampling site. There were some 
deviations from this routine, due to local condi- 
tions. 


Weight of the particulate matter collected ranged 
from a few milligrams to a few grams. After the 
sample was weighed, the filter was cut in such a 
way that the 7X9 in. sample area was divided into 
equal parts, one of which was used for extraction 
of organic materials, the other for the determina- 
tion of inorganic constituents. After six circles, 
each comprising 4% of the total area, were re- 
moved from the second half of the sample for 
anion and radioactivity determinations, the re- 
mainder (26%) was used for the metal analysis 
when such was performed. For each city included 
in this study, random samples for analysis were 
selected from all the samples collected over a 12- 
month period in the following manner: first the 
available samples were arranged in order of magni- 
tude of particulate loading (pg/cu. m.); then 
alternate samples were chosen, the initial sample 
being selected by the toss of a coin (Table 1). The 
resulting selection included 16 to 26 samples from 
each site with the following exceptions: Houston 
and Louisville, where, for other reasons. additional 
samples were analyzed, and Philadelphia, where, 
because samples were taken daily, fandom selection 
was made on a monthly basis in the same general 
manner. In all cases the sample distribution over 
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TaBLe 1.—Cities for Which Data Are Reported 


samples 
Urban Sites mp! 
Analyzed 
23 
Fast Chicaes, 90 
16 
24 
21 
23 
New Orleans 24 
18 
Philadelphia .... 94 
Portland, Ore... 20 
Salt Lake City. 26 
mpa, Fla..... 20 

Washington, D 17 
23 

* Two sites. 

t Three sites. 

t Four sites. 


the 12-month sampling period was quite satis- 
factory. 


Semiquantitative Spectrographic Method 

Since it was desired to analyze many samples 
for a number of metals, it was necessary to adopt 
a procedure that would permit rapid processing of 
samples. Therefore, the semiquantitative method 
of Keenan and Byers? was used. This procedure 
is based on visual comparison of the sample spec- 
trogram with standard spectrograms prepared from 
a series of standard solutions, using a Jarrell-Ash, 
Model JA-200, comparator-densitometer. 

A stock standard solution containing 2g each 
of Sb, Be, Bi, Cd, Cr, Co, Ni, and V; 4yg. Sn; 
Sug. Ba, Mo, and Ti; l6ug. Cu and Mn; 48g. Zn; 
72ug. Pb, and 128ug. Fe in 0.05 ml. of solution 
was prepared from ACS or better grade salts. 
Working standards were made by diluting the stock 
solution to give concentrations %, 14, %—\4s56 of 
the original. Stronger standards were made by 
placing multiples of 0.05 ml. of the standard solu- 
tion on the electrode. 

For the preparation of a standard plate, elec- 
trodes (V-crater with center post) were loaded 
with one or more 0.05 ml. portions of a working 
standard solution and then dried for one hour in a 
105 C oven. The loaded electrodes were arced at 7 
amp. D. C. for 30 seconds, using a Baird 3-meter 
grating spectrograph. A single step-sector, passing 
\% of the uninterrupted beam, was interposed be- 
tween the arc and the spectrograph. Use of this 
sector proved to be invaluable as it provided an 
8-fold increase in range as well as a spectrogram 
with much lower background. Eastman 103-0 
plates were used, and a single region 2170 A.- 
3590 A. recorded. The plates were processed by 
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standard procedures. It was possible to find satis- 
factory analysis lines for all metals within this 
single region. A standard plate equivalent to 
156 to 8 times the concentration of the stock solu- 
tion was adequate to cover the ranges of concen- 
trations of the metals encountered. 


Preparation and Evaluation 
of Sample Spectrograms 


To permit more complete removal of inorganic 
materials than was possible by simple acid extrac- 
tion, samples were first muffled at 500 C for one 
hour to burn off organic matter before they were 
extracted twice with 40 ml. portions of 1-1 nitric 
acid at slightly below the boiling point for one 
hour. After the resulting solutions were filtered 
through Whatman No. 42 filter paper, they were 
evaporated to 3-4 ml. and then made up to 5.2 ml. 
in a 10-ml. graduated cylinder. The electrodes 
were loaded with 0.05 ml. of solution and then 
dried in an oven at 105 C. The loaded electrodes 
were arced at 7 amp. D. C. for 30 seconds in the 
spectrograph. Twelve double sample spe¢trograms 
were recorded on each plate. 

In the early part of the work the sample spectro- 
grams were evaluated by visually comparing the 
analysis lines of each metal on the sample plate 
with the corresponding lines on the standard plate 
to find lines of equal intensity. Since the amount 
of metal producing the standard line was known, 
the amount of the metal in the sample could be 
readily calculated. After analyzing 190 samples 
from Denver, Houston, Louisville, and Salt Lake 
City by the visual-comparison method, it appeared 
to be desirable to make a more objective measure- 
ment. To accomplish this, the intensities of the 
analysis lines of the metals on the standard plate 
were measured with use of the Jarrell-Ash densi- 
tometer and a calibration curve of line intensity vs. 
metal concentration prepared for each metal. 
Analysis lines of the sample spectrograms were 
then evaluated by means of the densitometer and 
the metal content of the sample obtained from the 
calibration curve. 


Results 

Since this report covers analysis for 17 
metals in 754 samples from 28 sites in 20 
cities, complete reporting would require 
presentation of either 12,818 individual 
analyses, 476 sets of ranges and averages 
for each combination of metal and sampling 
site, or 374 sets of ranges and averages 
for each combination of metal and city, 
allowing for separate consideration of urban 
and suburban data. Although this more 
detailed analysis of the data is available for 
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TABLE 2.—Frequency Distribution of Metal Levels, 754 Samples, Group 1 


Metal Percentage of Samples in Indicated Range (uz/Cu. M.) 

Range 0-0.03 0.03-0.09 0.09-0.27 0.27-0.81 0.81-2.4 2.4-7.3 7.3-30 
Copper 23.3 33.6 22.5 13.5 5.0 13 0.5 
Manganese 57.2 24.1 12.9 5.2 0.6 0.0 0.) 

nge 0-0.25 0.25-0.63 0.63-1.6 1.6-3.9 3.9-9.8 9.8-24.2 
Tron 18.4 24.7 30.2 19.4 6.1 1.2 
15.6 33.3 34.1 11.5 4.5 0.9 

Range 040.3 0.30.9 0.9-2.7 2.7-8.1 8.1-24.3 24.3-49 

Zine 46.4 26.9 16.6 6.2 24 1.5 


those who wish to use it, this paper must of 
necessity present only the highlights of the 
data. Certain of the commoner metals will 
receive greater attention than others. This 
does not indicate they have a greater impor- 
tance, but that the values were more suitable 
for presentation. The less prevalent metals 
will receive little attention owing to space 
and time limitations. For convenience in 
the discussion of results, the metals will be 
divided into three groups. 


Group 1: Iron, Zinc, Copper, Lead, Man- 
ganese.—The metals in this group were 
found in the largest amounts in the samples 
of air particulate matter analyzed. The 
maximum levels for iron, zinc, copper, and 
lead were well over 10ug/cu.m. and, except 
for copper, numerous samples from several 
sites were well over the lyg/cu.m. level. 
In the case of manganese the maximum 
level was 3yg/cu.m. and relatively few 
samples were above lug/cu.m. The values 
obtained for each metal covered a wide 
range (Table 2) and were so distributed 
that, when plotted in geometric intervals on 
normal probability paper, an approximate 
straight line resulted (Figure), indicating 
that logarithms of the metal concentrations 
were normally distributed. Therefore fur- 
ther statistical analysis involving assump- 
tions of normality may _ validly be 
undertaken, using log concentration as the 
basic variable. Such analyses are presently 
being pursued. 

Iron: As would be expected, the highest 
levels of iron were found in the atmosphere 
of a community having a concentrated iron 
and steel industry. The fairly high levels 
found in several other cities reflect the 
influence of nearby heavy industry as well 
as activities associated with large popula- 
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tions. Relatively high levels also found in 
the absence of heavy industry indicate that 
major contributions to air pollution may 
be made by numerous small industries, 
commercial activities, ete. Even in suburban 
communities some distance from industrial 
areas (Houston C, Boston C) most of the 
samples contained well above the minimum 
detectable amount of iron. Only in the 
small communities of Paulsboro and Lake- 
hurst were the majority of samples below 
the detectable limit (Paulsboro 57%, 
Lakehurst 100%). All samples from East 
Chicago, East St. Louis, Fort Worth, Min- 
neapolis, Philadelphia, Salt Lake City, and 
Washington contained measurable amounts 
of iron. Of the total number of samples 
9.3% were below the detectable limit. 
Zine: As in the case of iron, the highest 
zine levels were found in the more heavily 
industrialized communities. High levels 
were also found in communities with more 
diversified industry and large populations. 
Prevalence of this metal in the atmosphere 
is no doubt occasioned by its widespread 
use in a large variety of industries both 
large and small as well as in everyday hu- 
man activities. Only in one case (Fort 
Worth) were half the values below the 
detectable level. Even among the suburban 
communities 78 out of 94 samples contained 
more than the minimum detectable amount. 
Copper: The distribution of atmospheric 
copper is rather unusual. Owing to the 
wide use of this metal in industry and for 
domestic purposes, its extensive occurrence 
was anticipated and proved to be the case. 
In the Boston area 11 out of 72 values 
were above 2.4ng/cu.m., with the highest 
values inexplicably associated with the sub- 
urban station. The finding of high levels in 
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Lakehurst and Paulsboro is also anomalous. 
Only in the case of New Orleans and the 
suburban Houston station did more than 
half the samples contain below detectable 
amounts. Only 6% of urban samples were 
below the detactable level. 

Lead: A unique situation exists with 
respect to lead. A specific human activity— 
automotive transportation—has been cred- 
ited with contributing a significant amount 
of this metal to the atmosphere. Cholak *° 
has related the levels of lead to density of 
vehicular traffic as well as to type of fuel 
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Distribution of iron, zinc, copper, and manganese from 754 samples. 


used for heat and power. He also pointed 
out that industrial contribution to atmos- 
pheric lead levels can be of major impor- 
tance. Of the metals placed in Group 1, 
lead was found in the largest number of 
samples. High values in New York could 
well be related to automobile traffic, while 
those of East Chicago, Houston, Boston, 
Louisville, and Chicago may be due to in- 
dustrial contributions as well. There are no 
adequate explanations for the finding of low 
levels in New Orleans and Boston. All but 
2 of the 660 urban samples and 8 of the 94 
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DISTRIBUTION OF METALS IN ATMOSPHERE 


suburban samples contained detectable quan- 
tities of lead. 

Manganese: While not occurring in such 
high concentrations as the other metals of 
Group 1, manganese is nevertheless dis- 
tributed in well above minimum detectable 
quantities in the atmosphere of 15 of the 
20 cities involved in this study. The highest 
levels were found in cities having industries 
related either directly or indirectly to this 
metal. The most outstanding feature of 
the manganese picture was that 82% of 
the levels in five communities and 57% 
in five others were below the detectable 
limit. The suburban stations of Lakehurst 
and Paulsboro each had one sample with a 
detectable amount present. 

Group 2: Barium, Bismuth, Cadmium, 
Chromium, Nickel, Tin, Titanium, and 
Vanadium.—These metals were quite widely 
distributed but in much smaller quantities 
than those of Group 1. The maximum val- 
ues, except for barium, were considerably 
under lyg/cu.m. and in many instances the 
ranges of concentration were quite small. 
The data for this group of metals were not 
suitable for statistical analysis because a 
large percentage of samples contained less 
than the minimum detectable amount (Table 
3). 

Barium: The high values found in the 
urban and suburban air over the Houston 
area, although in different months of the 
year, would indicate that the source is com- 
mon to the two sites, which are several miles 
apart. The low values found in Fort Worth 
would appear to rule out Texas dust as 
the source of the barium. Once again the 
lowest levels were found over Lakehurst 
and Paulsboro. Only a small number of 
samples from the remaining 17 cities con- 
tained quantities significantly above the 
minimum detectable quantity. 

Bismuth: Although measurable amounts 
of bismuth were found in samples from all 
urban sites except New Orleans and sub- 
urban sites except Boston C, the maximum 
amounts present were only slightly above 
the minimum detectable quantity, resulting 
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TABLE 3.—Frequency Distribution of Metal Levels, 
754 Samples, Group 2 


Percentage of Samples in Indicated Range 
(ug/Ou. M.) 


Metal 


Range 0.2-0.6 
Bismuth 

Cadmium 

Chromium 


Titanium 


in a distribution pattern quite different from 
those of the other metals. Particularly 
noticeable are the results from Paulsboro, 
which are somewhat higher than might be 
anticipated although similar to those from 
nearby Philadelphia. The absence of sig- 
nificant quantities from the air of several 
fairly large cities is difficult to explain. 

Cadmium: The distribution of cadmium 
was found to be universal, although maxi- 
mum levels were generally only slightly 
above the minimum detectable amount. In 
six cities a significant number of higher 
values were found, while all of the East St. 
Louis samples were above the detectable 
level. Two-thirds of the values from two 
suburban stations (Boston C, Lakehurst) 
were below the detectable level, while three- 
fourths of the values for the others (Hous- 
ton C and Paulsboro) were above the 
detectable level. 

Chromium: The distribution of chro- 
mium was similar to that of iron except 
that Jersey City, Portland, and Salt Lake 
City had considerably higher levels. The 
higher levels in general were found in those 
cities containing or adjacent to heavy in- 
dustry, while the low levels were found in 
suburban sites or cities which contain little 
heavy industry. All Lakehurst samples were 
below the detectable limit, as were two- 
thirds of those from suburban Boston C 
and Paulsboro and urban Fort Worth, 
New Orleans, Philadelphia, and Tampa. 

Nickel: Like chromium, nickel was 
widely distributed, with significant amounts 
being found from all cities. In contrast to 
chromium the levels were somewhat higher, 
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Nickel 9.3 55.6 35.1 0 ee 
Vanadium 12.6 46.6 36.9 4.0 i 
Range 0-0.005 0.005-0.05 005-05 0.5-14 
Barium 42.6 47.9 88 0.8 : 
Range 0-0.003 0.003-0.03  0.03-0.3 
Tin 32.5 60.6 6.7 : 
Range 0-0.01 0.01-0.1 0.1-0.3 3; 
23.3 714 5.3 
|_| 


and fewer samples had quantities below the 
detectable limit. Except for Boston, Hous- 
ton, Paulsboro, Philadelphia, and Washing- 
ton, the pattern reflects that for chromium. 
In contrast to the distribution of several 
of the minor elements, significant amounts 
of nickel were found in over half of the 
samples from all cities. For all other metals, 
at least one city has shown less than the 
minimum detectable quantity in over half 
of the samples. In addition to those cities 
in the top category, all levels for Chicago, 
East St. Louis, Fort Worth, Minneapolis, 
Paulsboro, Salt Lake City, and Washington 
were above the detectable limit. 

Tin: The distribution of tin was similar 
to that of cadmium and nickel, with meas- 
urable quantities found in samples from all 
sampling sites. Levels well above the de- 
tectable minimum were found in six cities. 
The highest concentration (0.8ng/cu. m.) 
of tin was found in a sample from the 
Boston B (industrial) site. This sample 
also contained the highest amount of lead 
reported and relatively high concentrations 
of zinc and cadmium. More than 50% of 
the samples from three urban and _ three 
suburban sites were below the detectable 
level, with Fort Worth having 79% in this 
category. 

Titanium: This metal was found in 
measurable amounts in samples from 16 
urban and 3 suburban sites, while it was 
below the detectable level in all samples 
from New Orleans, Tampa, and Lakehurst. 
The highest levels were from Salt Lake 
City, with detectable amounts in all samples 
and quantities significantly above the mini- 
mum in 50% of the samples. The highest 
concentration (0.24ug/cu. m.) was found in 
a sample from the industrial city of East 
Chicago. 

Vanadium: The distribution of vanadium 
was universal, but of a different pattern 
than might have been anticipated. The 
highest levels were not found in those com- 
munities containing high concentrations of 
heavy industry (Chicago, East Chicago) in 
contrast to the findings for many other 
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metals. The suburban sites showed un- 
usually high percentages of samples with 
quantities above the minimum detectable 
quantity. All samples from eight urban 
and two suburban sites contained measur- 
able quantities of vanadium. This unusual 
pattern occurred in only one other instance 
—nickel. This was also the only instance 
where the largest number of samples below 
the detectable level were of urban origin. 
With all other metals at least one suburban 
station fell into this category. 

Group 3: Antimony, Beryllium, Cobalt, 
and Molybdenum.—The number of samples 
containing detectable quantities of these ele- 
ments was so small and represented so few 
communities, that little time can be devoted 
to a detailed analysis of the data. The 
major point is the apparent absence of 
detectable amounts of these four elements 
from the atmospheres of a large number of 
cities. 

A total of 30 samples contained de- 
tectable amounts of antimony (greater than 
0.025ug/cu. m.), most of which were con- 
tributed by Boston and East Chicago 
and the remainder by Chicago and East 
St. Louis. Half of the values were 
0.05ug/cu. m.) or less. The highest value 
reported was six times the minimum de- 
tectable quantity (East Chicago sample). 

The minimum measurable quantity of 
beryllium (0.003ug/cu. m.) was found in 
two samples from Houston and one each 
from Denver and Louisville. Trace quan- 
tities (below 0.003ng/cu. m.) were found in 
a few samples from several other commu- 
nities: Chattanooga, Chicago, Cincinnati, 
Denver, East Chicago, Minneapolis, Pauls- 
boro, New Orleans, New York, Philadel- 
phia, and Washington. 

Detectable amounts (greater than 
0.003ug/cu. m.) of cobalt were found in 
approximately 90 samples. Major contribu- 
tions were from Boston, Chicago, East Chi- 
cago, Philadelphia, and Portland with the 
remainder distributed among Fort Worth, 
Houston, Salt Lake City, and Tampa. In 
only one case was a value significantly 
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greater than the minimum detectable amount 
found (0.02ug/cu. m. from East Chicago). 

Approximately 80 samples contained de- 
tectable quantities (over 0.005ng/cu. m.) of 
molybdenum, of which the greater number 
came from Chicago, Denver, and East Chi- 
cago, with minor contributions from Boston, 
Fort Worth, Houston, Louisville, Phila- 
delphia, Portland, and Salt Lake City. A 
few samples from Chicago, Denver, and 
Kast Chicago had quantities slightly higher 
than the minimum detectable amount. Trace 
quantities were found in one or more sam- 
ples from most communities. 


Summary and Conclusions 


Concentrations of 17 metals in the atmos- 
pheres of 20 communities have been re- 
ported in this paper. Except for antimony, 
beryllium, cobalt, and molybdenum, these 
metals were widely distributed, with detect- 
able amounts found in particulate samples 
from most of the communities. Data for 
iron, copper, lead, manganese, and zinc 
were of such a nature that they were suit- 
able for statistical evaluation. Data for the 
other metals were unsuitable for such an 
analysis because a large percentage of sam- 
ples contained less than the minimum de- 
tectable amount of the metals. The need 
is thereby demonstrated for development 
of analytical methods of greater sensitivity 
or collection of larger samples that permit 
present analytical methods to yield meas- 
urable values. Considerable variation in the 
maximum levels found among the various 
communities was observed (Table 4). 
Most of the high maxima were associated 
with the more heavily industrialized com- 
munities, 

Data from a larger number of cities 
covering a longer period of time will be 
required before trends can be established. 
One of the major objectives of the network 
program in the future is to secure these 
data. Establishment of nonurban stations 
remote from urban influence has already 
been undertaken in order to obtain samples 
for the determination of background levels 
in clean air against which urban and sub- 
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TasLe 4.—Range of Maximum Metal Levels 


Low Level High Level 
Metal City ge/Cu. City 
Zine Fort Worth 0.4 49.00 Chicago 
Iron Lakehurst 0.23 30.00 East Chicago 
youpe Washington 0.05 30.00 Boston C 
Le Lakehurst 0.33 17.00 Boston 
Manganese Lakehurst & 
Paulsboro <0.01 3.00 Chattanooga 
Barium Lakehurst & 
Paulsboro <0.005 1.50 Houston 
Tin Tampa 0.004 0.80 Boston 
Vanadium Fort Worth 0.002 0.60 Jersey City 
Titanium New Orleans 
& Tampa 0.01 0.24 East Chicago 
Nickel Houston C 0.005 0.20 East St. Louis 
New York 
Chromium Lakehurst <0.002 0.12 East Chicago 
Cadmium Boston 0.002 0.10 East St. Louis 
Bismuth Boston C <0.002 0.03 New York 
Minneapolis 


urban data such as that herein presented 
can be compared. 

A more detailed presentation of the data is 
available upon request. 

U. S. Public Health Service, Cincinnati 26. 
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IT. Liquid Fuels 


MITSUGI MUKAI, B.S., Berkeley, Calif. 


This is part of a long-range study on 
the combustion of fuels '* and initiates the 
laboratory work on liquid fuels. The pri- 
mary purpose of the over-all study is to 
determine what particulate organic materials 
are common to both combustion effluents 
and polluted atmospheres and to identify 
them. The interest in the particulate com- 
ponent has been reviewed in earlier papers. 


Previously reported results showed almost 
complete agreement in the analysis of the 
particulate organic material found in at- 
mospheric samples and the analysis of lab- 
oratory samples obtained by the controlled 
combustion of gaseous fuels. 


Before any correlation of results can be 
made between the various types of fuel, it 
is necessary to review several salient con- 
cepts from preceding studies. Particulate 
organic material is defined as the ether- 
soluble portion of the total particulate 
matter which can be removed from a com- 


Accepted for publication June 28, 1957. 

Read before the American Industrial Hygiene 
Association, Toxicology Section, St. Louis, April 
25, 1957. 

This article was first published in the American 
Industrial Hygiene Association Quarterly, June, 
1957, and is republished here with permission of 
that journal. 

This work is receiving the support of a research 
grant, RG-4281, of the National Institutes of 
Health, Public Health Service, and is a cooperative 
effort within the University of California of the 
School of Public Health and the Department of 
Engineering. 

Professor of Industrial Hygiene Engineering 
(Dr. Tebbens), Assistant Professor of Sanitary 
Chemistry (Dr. Thomas), Graduate Research 
Chemist (Mr. Sanborn), and Graduate Research 
Chemist (Mr. Mukai), University of California, 
Sanitary Engineering Research Laboratory. 


152 


Hydrocarbon Synthesis in Combustion 


BERNARD D. TEBBENS, Sc.D.; JEROME F. THOMAS, Ph.D.; ELDON N. SANBORN, M.S., and 


bustion effluent or a polluted atmosphere 
with use of conventional small particle fil- 
tration techniques. The residue of the ether 
extract is primarily soot particles and com- 
prises the major weight of the total particu- 
late material. Secondly, the gaseous fuels 
were all burned under conditions of com- 
plete and incomplete combustion as previ- 
ously defined. Agreement in the analysis 
was obtained only when the fuels were 
burned under conditions of incomplete com- 
bustion. Complete combustion resulted in 
the total absence of any material of a par- 
ticulate nature. Thirdly, the ultimate sepa- 
ration into pure components was dependent 
on paper chromatographic techniques, and, 
even though many of the individual com- 
pounds were not identified, the similarity 
in chromatogram patterns indicated com- 
position agreement between samples ob- 
tained from the atmosphere and from the 
laboratory furnace stack effluent. The con- 
clusion reached was that the incomplete 
combustion of any carbonaceous gaseous 
fuel could be responsible for a portion of 
the particulate organic material present in 
the polluted atmospheres. 

As mentioned, this phase of the over-all 
study is concerned with liquid fuels, the 
primary objectives being the same as those 
previously stated. Results obtained from 
preliminary laboratory experiments on 
liquid fuels indicated a disagreement with 
the results obtained from gaseous fuels. 
In these experiments several liquid hydro- 
carbons, i. e., cyclohexane; 2,2,4-trimethyl 
pentane; n-hexane, and toluene were burned 
in a simple alcohol lamp, using a fiberglass 
wick. The lamp was mounted in a stack, 


q 
= 


pure air being introduced at the base of the 
stack. The combustion effluents were sam- 
pled from the top of the stack by conven- 


tional means. The particulate organic 
material obtained from the effluent sample 
was subjected to the chromatographic sepa- 
rations, and the results were compared 
with those obtained from gaseous fuels. 
Discrepancies were immediately apparent 
in that there were missing bands in several 
chromatogram patterns. This would indi- 
cate the absence of compounds or the re- 
duction in concentration below observable 
limits. 


One possible explanation for the ab- 
sence or reduction in concentration of cer- 
tain compounds includes a consideration of 
the reaction mechanism involved in the 
production of complex organic compounds 
from simple hydrocarbon fuels during the 
combustion process. A tentative mechanism 
has been proposed! in which simple one- 
and two-carbon free radicals are initially 
produced during the combustion process. 
These in turn recombine through several 
possible stepwise processes to form the com- 
plex polynuclear aromatic hydrocarbons 
and their derivatives, which are the principal 
compounds comprising the particulate or- 
ganic material. The activation energy re- 
quired to initiate these reactions is thermally 
furnished in the flame. The amount of par- 
ticulate organic material produced is thus 
dependent on the thermal energy available. 
In the combustion of liquid fuels in the 
manner described, a part of the thermal 
energy is required to vaporize the liquid 
fuels, leaving, on a relative basis, a smaller 
amount available to initiate the reactions 
leading to the production of the complex 
hydrocarbons. 

It is also conceivable that there are several 
competing reactions in the over-all mech- 
anism, with the end-products being a func- 
tion of a number of unknown variables. 
This explanation has been substantiated by 
two observations made in the study of 
gaseous fuels: 1. The same compounds were 
always produced regardless of the fuel, but 
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relative concentrations varied between dif- 
ferent fuels. 2. During the combustion of 
any fuel at a given flow rate, the production 
of particulate organic material varied in- 
versely with the flow rate of secondary air 
within a fourfold increase relative to the 
flow rate of the fuel. The total particulate 
material remained relatively constant. In- 
creasing the flow rate of secondary air 
apparently removed the reactants from the 
reaction zone and simultaneously lowered 
its temperature. 


It was felt that the discrepancies between 
results from liquid and gaseous fuels were 
variations from generalities and were due to 
limitations inherent in the preliminary com- 
bustion procedures on liquid fuels. Subse- 
quent work which is herein described has 
shown that liquid fuels can be burned in 
a manner that will produce results com- 
parable to those obtained from gaseous 
fuels. This was initially indicated by sam- 
pling the exhaust of an internal combustion 
engine, using a liquid fuel, gasoline. The 
results obtained from the engine exhaust 
sample were similar to those obtained from 
the gaseous fuels. From this it was assumed 
that if liquid fuels were burned under con- 
ditions to satisfy the activation energy, the 
results would be generally comparable. 


Experimental Procedures 


The energy requirements were partially satisfied 
by converting the liquid fuel to a gaseous state 
prior to ignition. This was accomplished by forc- 
ing the liquid through a needle valve into an 
electrically preheated chamber preceding the 
burner. Thermocouple stations along the preheater 
and burner inlet indicated when a relatively con- 
stant temperature was being maintained through- 
out the flowing gas phase. The temperature was 
arbitrarily adjusted to approximately 300 F, which 
is below the cracking temperature of all fuels 
used in the investigation. The apparatus for ac- 
complishing this is shown in Figure 1, including 
the burner which normally is mounted inside of 
the furnace. The furnace and sampling technique 
have been described previously * and are identical 
with those used in the study of gaseous fuels. 


The separation of the particulate organic ma- 
terial, from a combustion effluent, into broad- 
solubility classifications has been described.* The 
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Fig. 1—Burner and preheater for liquid fuels. 


four fractions obtained are neutral hydrocarbons 
and phenolic, carboxylic, and nitrogenous de- 
rivatives of the neutral hydrocarbons. The poly- 
functional compounds were classified with the 
solubility group into which they separated. The 
nitrogenous derivatives could be obtained only from 
nitrogen-containing fuels and polluted atmospheres. 
As most of the fuels under investigation were pure 
hydrocarbons, very little emphasis was placed on 
the nitrogenous derivatives. 

Descending strip chromatograms of the neutral 
hydrocarbons were obtained by applying aliquots 
of an ether solution, containing 10yg.-l5ug. of 
material per aliquot, to No. 44 Whatman filter 
paper. The chromatograms were developed for 
about 18 hours, with use of a 40% acetic acid 
solution as the developing agent. The results ob- 
tained from representative liquid as well as gaseous 
fuels show in Figure 2. 

The chromatograms of the phenolic and car- 
boxylic derivatives, shown in Figures 3 and 4, 
were developed in a similar manner but with use of 
a 1% solution of sodium hydroxide for the de- 
veloping agent. 

The chromatograms of the derivatives do not 
show resolution to pure components, as each 
chromatogram band is generally a mixture of what 
is thought to be isomers. These may be separated 
into pure components by eluting a number of cor- 
responding bands and rechromatographing the con- 
centrated extract. 

To exemplify this latter technique approximately 
40 chromatograms of the fraction containing 
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phenolic derivatives obtained from the combustion 
of 2,2,4-trimethyl pentane, a liquid fuel, were pre- 
pared. An arbitrary band, marked B in Figure 3, 
was cut from each chromatogram, placed in an acid 
solution, and the phenolic derivatives extracted into 
diethyl ether. In a similar manner the correspond- 
ing band, marked A in Figure 3, for a gaseous 
fuel, butene-1, was placed in an ether solution. 
Thus a group of similar phenolic components from 
two different fuels were available for further 
separation. A concentrate of each solution was 
applied to separate sheets of filter paper, and a 
two-dimensional chromatographic technique was 
used for the ultimate resolution. The two develop- 
ing solutions in order used were 40% acetic acid 
and 20% ammonium hydroxide solution. The re- 
sulting chromatograms are shown in Figures 5 and 
6. Of the several components detected by this 
separation, corresponding ones labelled I and II 
were further considered.* 

Although chromatogram position and fluorescent 
color strongly suggest that components I and II 
are identical, further confirmation was obtained 
by running both the ultraviolet absorption curve 


* The photographs of the chromatograms, shown 
in the various figures, have been made with use of 
a technique previously described? It involves 
photographing the fluorescence excited by short- 
wave ultraviolet radiation. Because of varying 
pastel colors and filter requirements, some detail 
of the chromatograms is lost in the photographic 
process. 
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BUTENE-| 


Fig. 2.—Descending strip chromatograms of 
Ps. hydrocarbons from liquid fuels, developed 
with 40% acetic acid. 


and the fluorescent emission spectrum of the two 
spots. The technique for obtaining this information 
directly from the paper containing the chromato- 
graphed spots of the pure components has been 
described.* (The apparatus used to obtain the 
fluorescent curves is identical in principle with the 
new fluorescent attachment for 
Spectrophotometer, Model DK2.) 

Figure 7 shows the smooth ultraviolet absorption 
curves of the comparable components. Figure 8 
shows the fluorescent emission curves of the same 
components I and II in acid and in basic condition. 

Since it had been observed that the amount of 
particulate organic material varied under different 
circumstances and with different fuels, a gravi- 
metric quantitative procedure was applied to many 
of the laboratory and air samples to estimate the 
weight of organic material to the weight of other 
filtered particulate material. 


the Beckman 


Tebbens ct al. 


In the Table are shown the ratios of 
extract to soot for liquid and some gaseous 
fuels (page 159). 


Comment 


From the study on gaseous fuels it was 
determined that particulate organic material 
found in polluted atmospheres was identical 
with that found in the combustion effluent 
of any gaseous fuel burned under conditions 
of incomplete combustion. Assuming the 
initial work on gaseous fuels acceptable, we 
felt in this phase of the work that general- 
izations could be made on a comparative 
basis between liquid and gaseous fuels. 

It is possible to utilize a wider variety 
of chemical types of liquid fuels than of 
gaseous fuels. The gaseous fuels investi- 
gated were all simple hydrocarbons having 
four or fewer carbon atoms, saturated to 


Fig. 3.—Descending 
phenolic derivatives from 
with 1% sodium hydroxide. 


PHENOLIC DERIVATIVES 


chromatograms of 
liquid fuels, developed 


BUTENE-1 
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,CARBOXYLIC DERIVATIVES 


BUTENE-1 
N-HEXANE . 
ISO-OCTANE 
HEXENE-| 
BENZENE 
TOLUENE 
GASOLINE 
APPROX. R,! 


Fig. 4—Descending strip chromatograms of 
carboxylic derivatives from liquid fuels, developed 
with 1% sodium hydroxide. 


various degrees: alkanes, alkenes, and al- 
kynes being represented. Smoking tendency 
was the criterion in their selection. The 
variables relating total particulate material 
to the organic particulate material are still 
unknown, but the initial work did indicate 
very little relationship between smoking 
tendency and particulate organic material. 

It was possible to select representative 
pure liquid fuels on a more logical basis. 
Of four major classes of hydrocarbons, at 
least one of each was selected for combus- 
tion, with occasional duplications in class 
to verify results. n-Hexane and 2,2,4-tri- 
methylpentane (iso-octane) are saturated 
aliphatic hydrocarbons; hexene-1 is an un- 
saturated aliphatic hydrocarbon; cyclohex- 
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ane a cyclic nonaromatic, and benzene and 
toluene are aromatic. One mixed hydro- 
carbon, low-octane gasoline, was also used. 

All of the liquid fuels burned with equal 
facility, although it was noted that the 
aromatics burned with a smokier flame. 
Thus, the aromatic hydrocarbons produced 
more particulate organic material relative 
to fuel consumed. 

The combustion effluent of the liquid 
fuels was compared with that of the gaseous 
fuels by means of the chromatograms shown 
on Figures 2, 3, and 4. The comparison 
was made on general pattern of separation 
rather than on resolution of the chromato- 
gram to pure components. A pattern is as 
significant because only a small number of 
the combustion products have been identi- 
fed. For example, the chromatograms in 
igure 2 of the neutral hydrocarbons were 
developed with 40% acetic acid, which 
separated only the low molecular weight 
hydrocarbons on the starting point. Thus, 
the patterns are not a complete resolution 
of components but they do indicate a sim- 
ilarity in results. Separations to pure com- 
ponents have been made as spot checks and 
show the same identity of end-products. 
The work entailed is very extensive and 
is continuing. 

Variations in the chromatograms indicate 
that certain fuels show omission or addition 
of bands from the general pattern, but these 
are the exception, and no attempt will be 
made at this time to explain their presence 
or absence. On the chromatograms of the 
neutral hydrocarbons, as well as of the de- 
rivatives, no attempt has been made to in- 
clude absolute Ry values. An approximate 
scale is included on all the figures to enable 
an estimation of values. It was found that 
a standardized temperature was very im- 
portant in developing chromatogram pat- 
terns of these hydrocarbons and_ their 
derivatives. Even slight variations in tem- 
perature can cause the general pattern to 
spread considerably, with several compo- 
nents bunching at the front. 


Vol. 17, Feb., 1958 


i 
4 
2 
= 
| 
| 
| 


HYDROCARBON SYNTHESIS IN COMBUSTION 


5.—Two-dimensional chromatogram 


i 
veloped with 40% acetic acid and 20% ammonium hydroxide. 


of band B de- 


Note multiple separation. 


from 2,2,4-trimethylpentane, 


Fig. 6.—Two-dimensional chromatogram of band A from butene-1, developed with 40% 


acetic acid and 20% ammonium hydroxide. 


The phenolic and carboxylic derivatives, 
shown in Figures 3 and 4, likewise do not 
show complete resolution to pure com- 
pounds but rather a general pattern. Spot 
checks to pure components and a compari- 
son of these chromatograms led to the 


Tebbens et al. 


Note multiple separation. 


same generalizations arrived at from the 
patterns. On the actual chromatograms it 
is difficult to note anything but the most 
minor variations in the separations obtained 
from the various fuels. It should be men- 
tioned that with the phenolic and carboxylic 
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Fig. 7.—Ultraviolet absorption curves of identical phenolic component from butene-1 and 


from 2,2,4-trimethylpentane. 


i 4 


BUTENE - 


derivatives it is possible by means of a 
two-dimensional technique to separate the 
mixtures into approximately 38 pure com- 
ponents each. This is accomplished, with 
use of the technique illustrated in Figures 
5 and 6. Thus, it is apparent on the de- 
scending-type chromatograms shown on 
Figures 3 and 4 that many, if not all, of 
the chromatogram bands are composites of 


several compounds. 

Although it is not possible at this time 
to identify many of the pure components, 
it is possible to show that they are identical 
regardless of the fuel from which they are 
produced. This is illustrated by the proce- 
dures which lead to Figures 5, 6, 7, and 8 
for a gaseous unsaturated hydrocarbon and 
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Fig. 8 —Fluorescence emission of 
pH 
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identical 
phenolic component from butene-1 and from 2,2,4- 
trimethylpentane. Note color shift with change in 


for a liquid saturated hydrocarbon. Among 
the more than 90 individual chemicals which 
can be separated by these procedures are 
anthracene; phenanthrene; pyrene; fluore- 


700 
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Proportions of Extract to Soot from Incomplete 


Combustion 
Burning in Furnace* Burning in 
Alcohol 
Secondary Lamp 
Fuel Air Wt. Extract Wt. Extract Wt. 
Fuel Wt. Soot Wt. Soot Wt. 
Natural gas 25.0 
Butene-1 25.0 77 
n-Hexane 17.6 + 
4.3 165 
Cyclohexane 16.6 
15.5 79 
2,2,4-Trimethyl 17.3 
pentane 4.1 57 
Hexene-1 17.1 au 
4.0 
Toluene 15.9 
44 7.5 
Benzene 15.8 
93 
Gasoline (50 octane) 16.8 os 
Air sample — 
(Nov. 1956) 8.2 
Air sample — 
(Dee. 1956) 5.1 
* All combustion in the same burner. 
+ Gaseous fuels. 
none; 1,2-benzanthracene; naphthacene; 


3,4-benzpyrene; —_1,2,5,6-dibenzanthracene; 
a-naphthol and B-naphthol. There has been 
no attempt in the course of this present 
study to identify further materials. 

It has thus been shown that the products 
of incomplete combustion of representative 
liquid and gaseous fuels are essentially 
identical. On the basis of previous results 
it is assumed that a similar conclusion can 
be drawn between the results obtained from 
a polluted atmospheric sample and those of 
liquid fuels. 

Although a nitrogen-containing fraction 
can be separated from the particulate or- 
ganic material of polluted atmospheres,® a 
similar fraction did not result from burning 
pure hydrocarbon fuels. Apparently there 
was insufficient energy for nitrogen fixa- 
tion during the combustion process, and any 
such product must be the result of some 
other reaction involving nitrogen contained 
in the fuel. The only mixed hydrocarbon 
fuel used in this series of experiments, non- 
leaded low-octane gasoline, when burned in 
the same manner as the others, produced 
copious quantities of particulate organic 
material containing a small amount of ma- 
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terial whose properties indicated the pres- 
ence of nitrogeneous compounds. The 
neutral, phenolic, and carboxylic derivatives 
of this liquid fuel are shown in Figures 
2, 3, and 4. 

Another indication of the similarity of 
particulate organic production between 
gaseous and liquid fuels is indicated in the 
Table. There it is noted that when burned 
under similar air to fuel ratios, and in all 
cases with some slight excess air, the rela- 
tive by-product yield of extractable organic 
material to soot is similar with a variety 
of fuels, both liquid and gaseous. The same 
parameter for two high-volume atmospheric 
samples falls in the same range. 

The specific differences between fuels in 
this regard is possibly fortuitous or may 
be related to the structure of the fuel itself. 
At any rate, it is evident that the presence 
or absence of cyclic structure in the fuel 
has little bearing on the yield of particulate 
organic material, much of which is aro- 
matic. 

Although no attempt has been made fur- 
ther to elucidate the mechanism of forma- 
tion of high-molecular-weight organics from 
the incomplete combustion of relatively 
simple hydrocarbons, the presumption still 
remains that a series of cracking and re- 
forming processes takes place in the ther- 
mally energized reaction zone. of the flame. 
Associated with several conclusions from 
this present series of studies is a corollary 
postulation: That a large number and 
variety of volatile organics containing car- 
bon, hydrogen, and oxygen may be produced 
and released in the by-products of incom- 
plete combustion. These would be interme- 
diates in the cracking and 
processes mentioned above. 


re-forming 


Conclusions 


1. Incomplete combustion of a_ wide 
variety of liquid fuels (saturated and un- 
saturated aliphatic, cyclic, and aromatic 
hydrocarbons) can result in the formation 
of particulate organic material common to 
a polluted atmosphere. 
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2. More than 90 components, separable 
by standard organic procedures and paper 
chromatography, are present in the by-pro- 
ducts of incomplete combustion. They in- 
clude poly-nuclear aromatic hydrocarbons 
and their phenolic and carboxylic derivatives. 
Some of these are known toxic materials. 

3. In general, the difference between 
liquid and gaséous fuels in the ease with 
which they yield the particulate organic 
by-products of combustion is that the for- 
mer require a relatively larger amount of 
thermal energy to activate the reaction 
mechanisms. The effects of temperature and 
reaction time require further study. 

4. Only one liquid fuel, a low-octane 
gasoline, produced nitrogenous particulate 
organic material. This is thought to result 
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from the presence of nitrogen in the fuel 
and not from nitrogen fixation from air. 


University of California School of Public 


Health. 
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HANSON BLATZ, E.E., P.E., New York 


There has recently been an increased in- 
terest in exposure of the population to radia- 
tion. In this connection one of the first 
projects of the United Nations Scientific 
Committee on Radiation was to initiate a 
program of collecting available data on the 
subject. As part of the United States effort 
in the program, an exhaustive literature 
search was conducted by the Atomic Energy 
Commission Health and Safety Laboratory 
and a report was submitted to the U. N. 
Scientific Committee." 

The reports issued last year by the Na- 
tional Academy of Sciences and by the 
sritish Medical Research Council both in- 
dicated that the greatest radiation exposure 
of civilized people, in addition to the inevi- 
table background, is to that of medical 
x-rays. Persons involved in preparation of 
the National Academy of Sciences study and 
in the British study, have stated that the 
estimates given in these reports of gonadal 
dose from x-rays involve a_ considerable 
degree of uncertainty. Estimates had been 
made based largely on the sale of x-ray films 
and interviews with radiologists. Estimates 
given by various responsible American re- 
porters have been that medical x-ray use 
adds from 25% to 100% to the unavoidable 
background exposure received from cosmic 
and terrestrial radiation. This figure is for 
the average American and undoubtedly is 
higher in urban areas than in rural areas. 

A careful review of the reputable esti- 
mates of gonadal x-ray exposure made in 
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Gonadal Doses in Roentgen Examinations 


recent years shows that many investigations 
were made in several different countries.” 
A study of the estimates shows a lack of 
pattern that defies any statistical analysis. 
This observation led to a careful review of 
the figures assembled and a discussion of 
them with several radiologists in an attempt 
to account for the apparent disagreements. 
We also inspected a number of typical local 
x-ray installations in hospitals, clinics, and 
private offices, and discussed with the radi- 
ologists the techniques which appear to vary 
considerably from office to office. Greater 
variances were found in offices of non- 
radiologist specialists and general practi- 
tioners. A review of radiographs published 
in recent medical journals appears to show 
that the recommendation of the National 
Committee on Radiation Protection in 
Handbook 60 that “the radiographic field 
should not be larger than clinically neces- 
sary’ is ignored in many cases. This, how- 
ever, is a matter that cannot be categorically 
challenged without knowing what profes- 
sional judgment is used to determine 
whether a_ particular radiographic field 
should be closely collimated or done with a 
wide cone. It is relatively rare to see a 
published radiograph which shows the cor- 
ners of the image cut off by diaphragming. 
It is reasonable to believe, however, that 
most of them should show this. 

An attempt was made from the figures 
collected in the literature to classify different 
examinations as far as the relative exposure 
to the gonads is concerned. The best that 
can be done at present, however, is to place 
various common examinations in a few 
broad categories as to the likelihood of a 
heavy or light gonadal exposure. Discus- 
sions with physicians and dentists and the 
examination of x-ray installations showed 


161 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


that insofar as the limited survey in the 
Metropolitan New York area was con- 
cerned, many of the long-standing recom- 
mendations of the NCRP intended to 
reduce patients’ exposure were unknown to 
the majority of dentists and physicians, in- 
cluding a few radiologists, and that x-ray 
equipment manufacturers are currently in- 
stalling equipment which does not comply 
in some respects to the standards set. The 
commonest deficiencies found are the ab- 
sence of the specified minimum permanent 
tube filtration and the failure to limit expo- 
sure to areas under examination. In some 
cases the 10 r per minute limit for fluor- 
oscopy was being greatly exceeded. 

It is evident that until some standardiza- 
tion of techniques is agreed upon and a 
greater effort is made to meet already exist- 
ing protection standards, no precise estimate 
of average gonadal exposure can be attained. 
ven under more standardized conditions a 
great deal more needs to be learned about 
the actual number of examinations being 
given. The extent to which fluoroscopic 
examinations are made is also something that 
it difficult to evaluate, because there are 
usually no records of the time periods con- 
sumed in such examinations, as well as 
because of the fact that the area being irradi- 
ated is constantly varying during examina- 
tion. 


Classification of X-Ray Examinations According 
to Relative Gonadal Exposure 


Minimal Exposure 
(Less than a few ur) 


Skull Extremities * 
Teeth—F Cervical Spine 
Chest Gall Bladder—M 
Shoulder Kidneys—M 


Intermediate Exposure 
(A few to a few hundred yr) 
Kidneys— 
Lumbar-Sacral Joint—M 
Sacroiliac Area 
Abdomen * 


Gall Bladder—F 
Teeth—M * 
Dorsal Spine 
Lumbar Spine—M 


High Exposure 
(More than a few hundred yr) 
Lumbar Spine—F Lumbar-Sacral Joint—F 
Pelvis Cystoscopy 


i Urography 
Fluorscopy (Lower Abdomen)* 


F 
M=Males only. 
* «Exposure dependent upon technique: 
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A general broad classification based on 
the literature was attempted, however, and 
is presented in the Table shown. 


It would appear that until an effective 
educational campaign among physicians and 
dentists as well as among many of the manu- 
facturers and installers of x-ray equipment 
is undertaken, any further refinement of 
the estimate of gonadal exposure would 
serve little purpose. — 

An examination of the assembled gonadal 
dose record shows a number of influencing 
factors which should appear to be obvious, 
but, as far as could be found, have not been 
generally recognized. They are as follows: 


1. Examination of parts of the anatomy relatively 
remote from the general gonadal region (teeth, 
shoulders and extremities) results in a higher dose 
to the male gonads than the same examination to 
the female gonads. This is because of scatter 
through the air to the relatively unshielded male 
gonads, and suggests that the use of local shielding 
would be advisable. 

2. On the other hand, examination of areas close 
to the gonadal regions (such as kidneys, liver, 
dorsal spine, and sacroiliac) results in considerably 
higher dose to female patients because of scatter 
within the body. 

3. The use of higher kilovoltages results in 
lower gonadal doses by a factor of 2 to 5 smaller 
than with the use of the conventional tube voltages.* 
This is because of the fact that there is relatively 
less absorption of the radiation in passing through 
the patient to the film in attaining the same film 
densities, as well as the fact that the general direc- 
tion of scatter is in a more forward direction with 
higher energies. This side scatter, in general, is 
that which reaches the gonads. It is interesting to 
note that the higher kilovoltage techniques are 
being promoted for an entirely different reason. 
It is claimed that radiographs of higher diagnostic 
value are obtainable at higher kilovoltages and that 
a greater degree of latitude is possible. The in- 
creased latitude should result in less underexposed 
or overexposed films and consequently fewer re- 
takes. This would result in an additional reduction 
of average dose to patients. 

4. The average gonadal exposure of young male 
children has been found to be some 250 times 
greater than found during the same examinations 
of adults. This apparently is because of the fact 
that the gonads are included in areas delineated by 
the usual cones intended for use with adults. For 
some reason not clear this difference was found 
to be completely absent for females. 
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5. The dose to the gonads in chest examinations 
using photoroentgen units is higher by far than 
with conventional equipment using 1417 in. films. 

6. The fact that a pelvic x-ray examination of a 
pregnant woman results in exposure both to the 
woman’s gonads and to the unborn fetus should not 
be overlooked. 

I'rom these observations we are able to 
draw a number of general conclusions. 

A. There should be a greater effort made to 
comply with existing radiation protection recom- 
mendations by physicians, dentists, and x-ray equip- 
ment manufacturers. 

B. The installation of fixed aluminum filters on 
diagnostic x-ray tubes, both medical and dental, 
should be assured to comply with existing recom- 
mendations of the National Committee on Radiation 
Protection. 

C. Radiation exposure in every case should be 
limited to involve only those areas that are of 
clinical interest. This would require the use of an 
adjustable collimating device or a variety of cones 
for different examinations as required. There 
should be local shielding of the gonads, particularly 
for male patients, in certain examinations. 


D. The universal use of higher kilovoltage tech- 
niques should be investigated. 

E. Particular care should be taken in the ex- 
amination of children and pregnant women. 

It is my opinion, based on my observation 
of equipment and techniques in a rather 
limited area, that if the above objectives 
are met, gonadal x-ray exposures could be 
reduced by a factor of at least 5. 

Wayne M. Lowder assisted in this study. 


70 Columbus Ave. (23). 
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Skin Absorption of Carbon Disulfide Vapor in Rabbits 


LESTER D. SCHEEL, Ph.D., Cincinnati 


Under the conditions of grain fumigation 
it was observed that men may be exposed 
to carbon disulfide (CS2) vapor concentra- 
tions extending up to 35,000 ppm. The pos- 
sibility of skin absorption is obvious, and 
consequently the wearing of a respirator 
may not provide complete protection against 
CSe toxicity. 

A search of the literature revealed one 
reference concerning cutaneous absorption 
of CSe vapor in man.! No cutaneous ab- 
sorption was demonstrated as evidenced by 
a lack of CSe in the breath when subjects 
were placed in a cabinet containing CS2 
vapor for 20 minutes. Whether the dura- 
tion of the exposure was too brief or the 
analytic method was lacking in sensitivity 
cannot be assessed. It has been reported, 
however, that liquid CS. is absorbed through 
the skin.? The present communication deals 
with the absorption of CSe vapor through 
the skin of rabbits. 
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I. Associated Changes in Blood Protein and Zinc 


ARTHUR E. COHEN, M.S., M.P.H., M.D.; HAROLD J. PAULUS, Ph.D.; ROBERT G. KEENAN, M.S., and 


Carbon disulfide poisoning is character- 
ized by symptoms of involvement of the 
nervous system such as_ polyneuropathy, 


Parkinsonism, psychoses, visual disturb- 
ances, and pathologic changes. Gastro-in- 
testinal symptoms and injury to the 
blood-forming organs have also been noted.” 
More recently it has been reported that 
chronic CS. poisoning may lead to prema- 
ture atherosclerosis and hypertension.* 


Preparation of Animals 


The animals used in this study were New Zea- 
land white male rabbits about 3 months old, and 
ranging in weight from 1500 to 2500 gm. They 
were fed daily on normal rabbit chow with water. 
In preparation for cutaneous exposure to CSs 
vapor the fur was clipped from 40% of the skin 
surface of each rabbit. 


Methods and Apparatus 


The exposure chamber was a 30-liter, glass bell 
jar supported on its side by a wooden frame. A 
l-in. diameter opening in the top of the jar was 
used as an inlet. A smaller opening on its side 
served as a sampling port. The bottom was fitted 
with a wooden disc taped to the glass to provide 
an air-tight seal. A 4-in. diameter hole in the 
center of the wooden disc provided a space through 


Fig. 1—Exposure ap- 
paratus diagram. 4, de- 
sired CSs concentration. 
B, bell jar exposure 
chamber. C, organic 
vapor canister. D, rota- 
meter. E, source of 
suction. F, inhalation-ex- 
halation exchange valve. 
G, variac. H, respirom- 
eter. inhaled air 

J source regulator. J, glass 

wool plug. S, 

points. 
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which the animal's head protruded. The animal 
was securely held in a wire rabbit yoke box placed 
on a wire screen platform supported by metal strips 
taped to the glass. A flexible air-tight seal around 
the animal’s neck was obtained by means of a 
double barrier of dental rubber dam glued to the 
wooden disc. 

During the experiments, air containing a known 
concentration of CS: was drawn from a large 
chamber (Fig. 14), through the exposure chamber 
(B), then through an organic vapor canister (C) 
and a rotameter (D) to the source of suction. A 
negative pressure of about 0.1 in. of water was 
maintained in the exposure chamber at all times. 
The canister removed the CS. from the air and 
prevented release of this vapor into the room. For 
quick build-up of concentration in the chamber, the 
flow rate at the start of the experiment was about 
20 liters per minute. After 5-10 minutes the flow 
rate was reduced to 6 liters per minute for the 
duration of the experiment. 

A close-fitting rubber face mask was placed on 
the animal, and exhaled air was trapped in a 
respirometer (H) by means of an inhalation-ex- 
halation exchange valve (F).* Provision was made 
for the animal to breathe uncontaminated air sup- 
plied from the compressed air system. 


Concentrations of CS: in the exposure chamber 
and in the exhaled air were determined in the 
following manner: Air from the chamber was 
sampled by filling 150 ml. gas-collecting tubes 
which were then injected with the diethylamine- 
copper reagent ° by means of a hypodermic syringe. 
Exhaled air was sampled with a midget impinger 
using the color reagent as the collecting medium. 
Analysis of the sample was obtained by reading 
the color in a Klett colorimeter using the No. 42 
filter. A blank sample of 16 liters of air from the 
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compressed air line collected in the color reagent 
was used for the reference blank in the instrument. 

Exposure chamber concentrations were deter- 
mined every half hour throughout the experiment. 
Exhaled air samples were taken each half hour 
starting 10-20 minutes after beginning exposure. 
The 4-liter capacity of the respirometer was filled 
by the animal and drawn through the sampling 
flask as many times as was necessary to obtain a 
readable sample. The largest sample used was 16 
liters. The respirometer dead space was washed 
into the sample by filling and emptying the res- 
pirometer twice after each exhaled air sample 
(I to H). 


Results 
Cutaneous Absorption of CS, Vapor.—A 
representative graph of the increase in the 
concentration of exhaled CS» with contin- 
ued exposure is seen in Figure 2. It is 


shown that the concentration of CSe in the 
exhaled air increases with exposure time. 


Figure 3 is presented in two sections: 
The upper section shows the vapor concen- 
trations to which the rabbit was exposed 
for eight consecutive days for three hours 
each day; the lower section shows the 
increasing concentration of CS. in the ex- 
haled breath of the rabbit during the eight- 
day test period. It can be seen that a linear 
increase in the concentration of exhaled CSe 
occurred while the concentration in the 
chamber air was relatively steady. 

Attempts were made to demonstrate in a 
more striking manner this cumulative reten- 
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Fig. 2.—Values of exhaled 
CS. collected at exposure con- 
centration of 1550 ppm. 
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EXPOSURE CHAMBER CONCENTRATION 


Fig. 3.—Chamber con- 
centrations vs. exhaled 
air concentrations of 
at eight successive ex- 
posures. 


EXHALED AIR CONCENTRATION 


tion of CS» by measuring the CS. content 
of the exhaled air just prior to the exposure 
on each successive day, the thought being 
that, if CSe is retained in the body during 
exposure, it might be liberated slowly after 
exposure ceased. No positive results were 
obtained from these attempts, presumably 
because of difficulty in obtaining a_ suffi- 


ciently large sample size for accurate analy- 
sis. Other procedures are being tested to 
demonstrate cumulative retention of CSo. 


% TRANSMITTANCE 


3 4 5 
DAYS OF EXPOSURE 


CS, Combined With Free Amino Groups 
in Serum.—Because Chervenka and Wil- 
cox ® have shown that CSe reacts in vitro 
with free a-amino groups of protein to give 
a derivative with a characteristic ultraviolet 
absorption maximum at 292 mp, a rabbit 
was repeatedly exposed to CS2 vapors via 
the skin for three hours a day for eight 
consecutive days, and the absorption of the 
serum was determined after exposure. This 
is shown in Figure 4. 


Fig. 4—Absorption 
spectrum of serum of ex- 


posed rabbit. 
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Fig. 5.—Values of exhaled CS: ob- 
tained after one hour 10 minutes of 
single cutaneous exposures at varying 
concentrations. 
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It can be observed from this transmit- 
tance curve that not only is the light absorp- 
tion increased at 290-325 my, but there is a 
sharp break at 295 mp. These data indi- 
cate that not only is CSe combined with 
e-amino groups but also with other free 
amino groups in the serum. 

Exposure vs. Exhaled Concentrations.— 
An effort was made to relate the amount of 
exhaled CSe following skin exposure to in- 
creasing CS» concentrations. Figure 5 shows 
such a relationship. As the chamber con- 
centration of CSe increased, a linear increase 
occurred in the amount of CSe present in 
the exhaled breath of the animal. Cutaneous 
exposure in the rabbit at levels of 150 ppm 
and below failed to yield a measurable 
amount of CSe in the exhaled breath after 
periods as long as six hours of exposure. 

Zinc Levels in Blood.—In addition to the 
ultraviolet spectrophotometric examination 
of blood serum discussed above, chemical 
analyses* of sera for zine content from 
exposed and unexposed rabbits have been 
compared. CSe is known to be toxic to the 
liver.** Vallee has shown that patients 
with cirrhosis have lowered serum zinc 


Changes in the Concentration of Zinc in the Serum and Red Blood Cells of Rabbits 
Following Six-Hour Exposure to CS: Vapor Percutaneously. 


400 800 1200 1600 2000 2400 
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The sera of the rabbits were meas- 
ured for zine to see if a similar lowering of 
serum zine occurred upon exposure to CSoe. 
The Table shows the zinc content of blood 
serum and cells of rabbits before and after 
cutaneous exposure to CS vapor. In ex- 
amining the data presented in the Table, 
attention is called to the following findings: 
1. There is a marked depletion of the serum 
zine concentration and 2 significant decrease 
of the red blood cell zinc following cuta- 
neous exposure of rabbit A-12 to 760 ppm 
of CS» vapor. 2. Although the depletion of 
zinc in the serum and cells of rabbit A-13 af- 
ter cutaneous exposure to 130 ppm CSe is 
less striking, this suggests that the effect of 
CS. on zine is present at this level. 3. The 
depletion of zinc in the red blood cells as 
well as in the serum appears significant 
when it is realized that inorganic cell con- 
stituents are affected less readily than serum 
constituents during biochemical changes. 
Histopathology.—Histologic skin sections 
of exposed and unexposed rabbits were 
stained with hematoxylin and eosin and oil 
red O. No cellular changes had occurred 
because of exposure to CSe vapor. No dif- 


values. 


Animal Exposure, Hours After 


Zinc in Serum, yug./100 M1. 


Zine in Cells, wg./100 M1. 


Ppm C8; Exposure 


24 
A-12 760 48 
130 24 


Normal 
Normal Range 


Before Exposure After Exposure Before Exposure After Exposure 


200 138 . 625 

86 513 

223 184 625 504 

192 * 792 
160-225 : 625-876 


* Mean of 8 rabbits. 
t Mean of 6 rabbits. 


Cohen et al. 


SKIN ABSORPTION OF CARBON DISULFIDE VAPOR aA, 
14 
° é 
1.0 ° 
os 
0.6 ° 4 
0.4 
0.2 
167 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


ferences in fat deposition were observed 
between the exposed and unexposed skin 
sections, 


Comment 


The presence of CSe in the exhaled 
breath after cutaneous exposures indicates 
that CSe vapor has passed through the skin 
and is present in solution in the blood. Of 
greater importance, however, is the evi- 
dence of the presence of CS» in combined 
form with blood proteins. The CS: ab- 
sorbed through the skin and in solution al- 
lows the combining reaction to occur. 

Although the level of CS. in the exhaled 
air indicates that a large portion of the 
absorbed CSg is in physical solution in the 
body fluids and can be readily eliminated 
through the lung, its presence in the com- 
plex fluids of the body would also bring the 
CS» into intimate contact with all compo- 
nents of the body. The portion of the curve 
to the right of the peak in Figure 2 
is representative of the rate of CSe excre- 
tion through the lungs after exposure is 
terminated. This shows that a large pro- 
portion of the peak concentration is in the 
uncombined form. 

However, as suggested in Figure 4, a 
reaction appears to have occurred between 
free amino groups of the serum and CSo. 
At the present time it is not known to what 
extent this combination may occur, but it is 
indicated as a step in the toxicity of CSo. 
The quantitative estimation correlated with 
exposure and toxicity is under investiga- 
tion in this laboratory at the present time. 

The relationship between zinc levels and 
toxicity is being studied to more definitely 
establish the meaning and validity of the 
changes in concentrations. 

The threshold limit value of 20 ppm ™ 
was set for CS. because of the cumulative 
nature of its toxicity. Persons employed in 
occupations which use CSe usually protect 
themselves against the vapors by the wear- 
ing of a respirator with an appropriate 
organic vapor canister which will absorb 
CSe vapors. The possibility of absorption 
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of CSe vapors through the skin exists. This 
is particularly true when the CS» vapors 
reach concentrations of 1000 ppm and more 
(Fig. 5). Because of the great difference 
between the surface areas of the lungs and 
of the skin, the toxicity acquired from cu- 
taneous absorption should be that of a 
chronic nature. 

These experiments suggest that a person 
whose skin is exposed to high concentrations 
of CSe vapor might, as the length of expo- 
sure increases, be susceptible to chronic CSe 
toxicity. It has been observed that although 
great care is taken in the wearing of masks 
the same persons will work in environments 
of 25,000 ppm and higher with the skin 
exposed. Repeated exposure of this type 
could result in cumulative toxicity. A per- 
son working in the environment of CSe 
should be warned of the possibility of cuta- 
neous absorption of CS2 vapors. From Fig- 
ures 2 and 3 it is seen that the concentration 
of CSs in the exhaled breath increases with 
length of exposure and repeated exposure. 
It is a situation such as this which is ex- 
perienced by a worker in his work routine. 


Conclusions 


1. Cutaneous exposure of rabbits to CSe 
vapor results in CS2 in measurable concen- 
tration in the exhaled air. 

2. CSe vapor absorption by the cutaneous 
route increases with increasing concentra- 
tion and increasing time. 

3. CSe vapor absorbed through the skin 
is present in solution in the blood and in 
combined form. 

4. The zinc level of the blood serum and 
blood cells decreases after exposure of the 
rabbit to CSe vapor. 

5. It is indicated that the repeated cuta- 
neous exposure of rabbits to CS vapor 
leads to CS cumulation in the animal body. 


Technical assistance was given by John Kopp, 
Chemist, and Oscar Marsh, Machinist. 
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Commercial Airline Operation 


OTIS B. SCHREUDER, M.D., Jamaica, N. Y. 


The rapid expansion of the airline in- 
dustry during the past three decades has 
increased the multiplicity of problems in 
the medical field, this expansion being par- 
ticularly rapid since World War II. Before 
the War the average airliner carried approx- 
imately 20 passengers and flew 170 miles per 
hour, whereas today the average airliner 
can carry up to 100 passengers and flies 300 
miles per hour, with some flying 365 miles 
per hour. In 1939 the first airline service 
crossed the Atlantic Ocean in 25 hours 
compared to some crossings today in less 
than 10 hours. In approximately 18 months 
the airline industry will have jet-propelled 
aircraft operating with speeds of approxi- 
mately 600 miles per hour and a passenger 
load of 150 flying at altitudes up to 40,000 
feet. With this operational development 
greater attention is being devoted to the 
preventive aspects of aviation medicine. 
Aviation medicine in its entirety is pre- 
ventive medicine in its broadest meaning, 
encompassing the preventive aspects of en- 
vironmental medicine, industrial medicine, 
clinical medicine, and, in international air- 
line operation, global medicine. In the prac- 
tice of aviation medicine in airline operation 
the main objectives are to promote and 
protect the health of the employee and to 
safeguard the health and well-being of the 
passenger. This includes the protection of 
members of air crew against the stresses 
of their environment. More specifically the 
scope of an airline medical service ! encom- 
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Preventive Aspects of Aviation Medicine in a 


passes preplacement and periodic physical 
examinations; maintenance of health of 
flight personnel; the medical aspects of 
flight safety; the prolongation of the effec- 
tive flying careers of flight personnel; the 
prevention and treatment of medical condi- 
tions peculiar to flight; the aeromedical 
requirements of new aircraft; the indoctrina- 
tion of flight personnel in the physiological 
and psychological aspects of flight; recom- 
mendations relative to the medical aspects 
of fatigue in flying; the advisability or non- 
advisability of the air transportation of sick 
or injured passengers; the evaluation of 
health conditions at foreign bases and the 
implementation of health precautionary 
measures for employees based abroad; the 
placement of ground workers in accordance 
with their physical and mental capacity; the 
medical aspects of accident prevention; the 
medical aspects of reduction in sick absen- 
teeism; prevention of industrial diseases 
caused by exposure to toxic substances; 
prevention of deafness due to noise; pre- 
vention of eye injuries; sanitation of com- 
pany cafeterias and in-flight kitchens, and 
the sanitary aspects of living quarters and 
eating establishments at foreign bases. 

The preservation of health of the em- 
ployee is one of the major objectives. In 
view of flight safety implications a great 
portion of the effort is devoted to members 
of the aircrew, particularly to the opera- 
tional crew members. The most effective 
asset in any industry is the employee, and 
his health is paramount and should be pre- 
served to the best of our ability. In the 
periodic examination we have a means of 
checking on the physical and mental status 
of the employee and instituting those meas- 
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ures which will keep him in a good state of 
health. Every effort is made to detect early 
signs of disease in order that they can be 
corrected in their incipiency. With the ag- 
ing of the pilot group it is more important 
than ever before that early signs of the 
degenerative diseases be recognized. When 
such signs are found, the pilot is referred 
to a physician of his choice in order that 
remedial action can be taken. An important 
part of the periodic examination is the 
health counseling in order that he will main- 
tain himself in a good state of health. In 
international airline operation, on a global 
scale, some areas are transited where sani- 
tary conditions are questionable. With this 
fact in mind, members of the aircrew are 
counseled in regard to the health precau- 
tionary measures to be exercised. This is 
particularly important in the care of newly 
accepted members of the aircrew. 

In the practice of preventive medicine it 
is essential that one keep good medical 
statistics. These statistics give us valuable 
information relative to the incidence of 
disease and injury and the time lost because 
of these conditions. Frequently with greater 
effort one can decrease the incidence of 
these conditions through corrective meas- 
ures. This is true in such conditions as the 
diarrheal diseases and ground accidents. In 
a statistical study ? among 1500 members of 
aircrew it was found that for the year 1956 
the three leading causes of lost time due to 
illness or injury were upper respiratory 
infections, orthopedic conditions, and diar- 
rheal diseases in the order named, these 
being responsible for 57% of days lost. In 
a review of days lost because of com- 
pensable injuries and illnesses for the same 
period of time, it was disclosed that back 
injuries were responsible for 36% of days 
lost. None of the orthopedic conditions or 
back injuries were due to aircraft accidents. 
Statistics such as these point out areas 
where more energetic preventive action is 
indicated. 


The question of fatigue due to flight has 
been a topic of discussion for a number of 


Schreuder 


years. Fatigue is a rather intangible con- 
dition and is difficult to measure. Needless 
to say, there are as many nonoperational 
factors as operational causes, if not more, 
in the production of flight fatigue. Many 
preventive measures are in effect in order 
to keep this fatigue to an absolute minimum, 
these measures being as follows: multiple 
crews with adequate crew quarters on long 
flights; certain limitations as to the number 
of hours to be flown; adequate rest period 
between flights, and the use of oxygen for 
a short period during long flights. Since the 
pilot is engaged in a rather sedentary oc- 
cupation, he is urged to maintain himself in 
a state of good health through exercise, 
adequate rest, moderation in the use of al- 
cohol and tobacco, avoidance of the use of 
drugs except when prescribed by a phy- 
sician, and, finally, through a stable mental 
and emotional approach to his problems. 

A great deal of study and thought is 
being given to the medical aspects of com- 
mercial jet operations. Flight at very high 
altitude and great speed imposes special 
consideration in aviation medicine. Very 
fortunately, the Air Force and Navy have 
been in jet operations for a number of 
years, and the airline industry will have 
the benefit of their experience. Some of 
the factors to be taken into consideration are 
the possible loss of pressurization and the 
necessity of provisioning oxygen to prevent 
hypoxia both in the case of members of 
aircrew and that of passengers; the indoc- 
trination of members of aircrew in the phys- 
iological effects of flight at high altitude; 
the transition of the operational crew from 
the conventional type of aircraft to jets, 
and the prevention of the deleterious effects 
of noise on maintenance personnel. Some fac- 
tors which might be considered problems in 
military jet operations, such as the effects of 
temperature and low humidity, glare, and 
flight fatigue are not considered to be major 
problems in commercial operation. It is 
believed that through the combined efforts 
of the aeronautical engineer, the air-frame 
manufacturer, the pilot, and the specialist 
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in aviation medicine the medical problems 
in commercial jet operation will be greatly 
minimized. 


The comfort and well-being of the 
airline passenger is considered extremely 
important. From a medical standpoint var- 
ious factors are considered and necessary 
recommendations are made to insure that he 
travels with comfort and safety. These in- 
clude inspection of in-flight kitchens; 
periodic examination of food handlers; 
periodic checks on the potability of the 
water aboard aircraft; the sanitary aspects 
of disposal of waste from the aircraft; the 
medical aspects of the seats for passengers 
with particular reference to the proper 
stressing of seats and seat belts, and the 
training of flight service personnel in first- 
aid procedures in order that proper emer- 
gency care is given to passengers if and 
when required. 


Ordinarily one does not think of the 
airlines as transporting many patient pas- 
sengers. However a surprisingly large num- 
ber are carried, some known by the traffic 
officials and others unknown to the carrier 
unless some special need of the passenger 
is brought to the attention of the flight 
service attendants during the flight. The 
reasons why an ill passenger should not fly 
in the present-day scheduled airliner are few 
in number and much less than ordinarily 
assumed, even by some physicians. The 
basic criteria relative to the air transporta- 
tion of the sick or injured passenger are 
first, his ability to care for himself; second, 
whether or not he is objectionable by ap- 
pearance, behavior, or odor to other 
passengers, and third, whether his trans- 
portation will involve any hazard to himself 
or others. The use of pressurized aircraft 
with the resulting relatively low cabin al- 
titude has eliminated many of the reasons 
which were formerly believed to be contra- 
indications to flight. 

In international airline operation certain 
precautionary measures are necessary so 
that infected vectors or persons in the in- 
cubation stage of a communicable disease 
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are not transported from one country to 
another. The spread of disease along trade 
routes has been known since the time of the 
Crusades. However, with the advent of the 
airplane this spread could be potentially 
very dangerous. Through the combined ef- 
forts of the health authorities in the various 
countries and such international organiza- 
tions as the World Health Organization the 
spread of disease by scheduled airlines has 
been kept to a minimum. Benson ® has out- 
lined very well the various activities which 
have been instrumental in preventing the 
spread of disease on a global scale. These 
include the control of disease and insects in 
areas adjacent to international airports; im- 
munization of the traveler against certain 
diseases; the disinsectization of aircraft; the 
dissemination of information on outbreaks 
of disease, and good medical supervision 
and intelligence in the major airlines of the 
world. Of great importance to those air- 
lines which transit West and Central Africa 
are the formulation and implementation of 
prophylactic measures against malaria both 
for the members of aircrew and the passen- 
gers. Although the countries in West and 
Central Africa have accomplished a remark- 
ably good job in malaria control and eradi- 
cation of the Anopheles gambiae at and 
adjacent to the various airports, the hazard 
of contracting malaria by a bite from a stray 
mosquito has not been entirely eliminated. 
Lastly, in global operation the physician 
has an opportunity to discuss medicine, 
particularly preventive medicine, with phy- 
sicians in the foreign countries through 
which the airline operates. Medicine tran- 
scends politics, race, color, and creed, and 
the discussion of common medical problems 
makes for better international relations. Ad- 
ditionally, the exchange of ideas is advan- 
tageous and beneficial to the American and 
foreign physician alike. 

A well-rounded airline medical program 
necessitates the inclusion of a program for 
the ground employee, this being similar to 
that in other types of light industry. As in 
the case of members of aircrew, it is largely 
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preventive in nature and consists in part 
of the preplacement examination, periodic 
examination, placement of the handicapped, 
chest x-ray surveys, vision and audiometric 
testing, and accident prevention. In sub- 
stance it is a health preservation program 
for the ground employee, whether he be of 
the hourly paid or management group. Such 
a program is economically sound since it 
improves the health of the worker and de- 
creases absenteeism because of illness. Of 
particular importance is the early detection 
of such diseases as cancer, tuberculosis, and 
the chronic degenerative diseases. 

In the interest of flight safety it is man- 
datory that the maintenance worker or me- 
chanic be kept at a top efficiency. He is 
exposed to certain physical agents in his 
work, and it is necessary that he be pro- 
tected from any toxic effects of these agents. 
In part these include hydraulic fluids, sol- 
vents, refrigerants, fire-extinguishing agents, 
and fuels, The medical department must 
have knowledge of what physical agents are 
used by the employee and must assist in 
implementing precautionary measures for 
his protection. 

With the present-day commercial turbo- 
prop and the forthcoming jet propelled air- 
craft the question of noise and its effect 
upon the ground worker is and will be of 
major importance. With due recognition of 
the problem and the institution of an effi- 
cient hearing conservation program, the 
deleterious effects of noise should be kept 
to a minimum. This program includes ro- 
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tation of the mechanics exposed to the 
effects of noise; limitation of the exposure 
time; the use of ear plugs and ear muffs; 
the consideration of the use of protective 
helmets in special cases; the use of periodic 
audiometric readings, with removal of the 
employee from noise areas if a decrease in 
auditory acuity is demonstrated, and, lastly, 
the use of remote control engine-trim de- 
vices and noise suppressors when testing 
procedures allow their use. 

The preventive aspects of aviation medi- 
cine in airline operation are currently ex- 
tremely interesting and challenging but will 
be even more challenging in the future. It 
is a known fact that all major changes and 
developments in commercial aircraft have 
been preceded by application to military 
aircraft. With operational military aircraft 
now flying at supersonic speeds and experi- 
mental aircraft having flown approximately 
1900 miles per hour and an altitude of over 
126,000 feet, it is not difficult to visualize 
the commercial aircraft of the future with 
its preventive medical implications. 


Pan American World 


Airport (20). 


Airways International 
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Automobile Exhaust and Smog Formation. By W. L. Faith, N. A. Renzetti, and L. H. 
Rogers. Price, $3.00. Pp. 103. Report No. 21, Air Pollution Foundation, 2556 Mission St., 
San Marino, Calif., 1957. 


It is known that Los Angeles’ smog is the result of a reaction between organic matter 
and nitrogen oxides in the presence of sunlight; hence the name “photochemical” smog. The 
data show that smog results from very low concentrations of reactants; it disappears at night; 
the geographic distribution over the area affected is apt to be nonuniform, and it is more 
frequent in West Coast cities than elsewhere. 

Three general conditions are necessary to the formation of photochemical smog: sources 
emitting air pollution, slow atmospheric dispersal of pollutants, and solar radiation. 

The subsidence inversion of the Los Angeles area is common from July through October. 
On the average, inversion begins at about 1600 ft. and the top of the layer is reached at 
about 3500. In the absence of man-made pollution this inversion results in a very pleasant, 
mild climate, admirably suited to agriculture and even more inviting as a pleasant place to 
live. But the naturally high oxidative characteristics of Los Angeles air react with the 
exhaust gases from automobiles in sunlight to produce the eye-irritating smog. Beyond 
question automobile exhausts are the major culprit. 

The report faces up to the situation; it holds forth no promises of complete relief; it 
discusses fully the causes of pollution by automobiles; shows ways in which it can be 
reduced, and discusses attachments to mufflers and exhaust pipes as after-burners and catalytic 
oxidizers (and reducers). If a successful device now were available for use on all cars, 
the keeping of such a gadget up to date and routine inspection would involve about 3000 
cars daily, just for Los Angeles County. We, who live in less populous districts, pause to 
breathe a sigh of relief but hope we have the wit to profit from Los Angeles’ pioneer work in 


a field coming unpleasantly close to all of us. 
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It Pays to Be Healthy. By Robert Collier Page. Price, $4.95. Pp. 285 with 2 illustrations. 
Prentice-Hall, Inc., Englewood Cliffs, N. J., 1957. 

This book is written for the worker in industry and business to give him insight and 
direction in dealing with health problems as they relate to his success on the job. The sound 
advice advanced is as equally appropriate and useful to the individual employee as it is to 
those who have supervisory responsibilities over others. Physicians can well recommend it 
to those employed patients as a guide toward a better understanding of themselves as they 
pass through the various phases of employment from hire through retirement. 

Prevention is stressed throughout, the author making it clear that health is a personal 
matter, with the family physician, industrial physician, and others assuming a secondary 
role in assisting the individual in preserving his health or attempting to build better health 
upon that which he already possesses. This volume should contribute to the happiness and 
efficiency of all those who apply its lessons to their work and social relationships. 


J. F. McCanan, M.D. 


| 
a 
| 
4 
| 
4 
it 4 
7 
4 
4 
174 


Toxicology Studies for the Ts 
Pharmaceutical, Pesticide, and Fo 


Industries (acute and chronic) 
Projects and Consultation. 


Write for price schedule and : 
information on other services naan 


EARCH OUNDATION ALUMNI 
IN ALUMNI RESE 1, WISCONSIN 


A.M.A. SPECIALTY JOURNALS REACH THE CORE OF SPECIALIZED 
P RACTICE . . » Subscribe NOW to: 


> A.M.A. Archives of INTERNAL MEDICINE 
> A.M.A. Archives of PATHOLOGY 
> A.M.A. Archives of OPHTHALMOLOGY 


THE AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 


WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft, 12 pages, 15 cents 


FOOD ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


SKIN ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 @ ILLINOIS 


pou 

e 

‘ Write to: ° 4 

& 

Of interest to you 

ond yor pores) 
THE MENACE OF ALLERGIES a 

| 


MEN AnD phrine 


HYOROCHLORIDE quickly 
j j 


MACHINES — 
clears 

stuffy 

heads 


a leading 
decongestant — 
vasoconstrictor in a 
most convenient form — 
usually no sting... 
prolonged effect 


microspray tip 
unbreakable — no spill 
no fuss 
Neo-Synephrine relieves the discomfort of 
colds, hay fever and sinusitis promptly and 


safely without sting, drowsiness or tachycardia 
in virtually all patients. 


Neo-Synephrine is available also in 
%%, 2% and 1% solutions in bottles of 1 oz. with dropper. 


LABORATORIES 


eo-Synephrine (brand of phenylephrine) and Zephiran (brand of benzalkonium, 
as chloride, refined), trademarks reg. U. S. Pat. Off. 


“AND HEAD COLDS 
we 
antibacterial wetting agent’ = 


